Porcine somatotropin effects on performance, carcass and leg soundness traits of normal, carrier and stress susceptible swine by Skaggs, Chris Lee
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1992
Porcine somatotropin effects on performance,
carcass and leg soundness traits of normal, carrier
and stress susceptible swine
Chris Lee Skaggs
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, and the Animal Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Skaggs, Chris Lee, "Porcine somatotropin effects on performance, carcass and leg soundness traits of normal, carrier and stress
susceptible swine " (1992). Retrospective Theses and Dissertations. 9952.
https://lib.dr.iastate.edu/rtd/9952
INFORMATION TO USERS 
This manuscript has been reproduced from the microfilm master. UMI 
films the text directly from the original or copy submitted. Thus, some 
thesis and dissertation copies are in typewriter face, while others may 
be from any type of computer printer. 
The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 
illustrations and photographs, print bleedthrough, substandard margins, 
and improper alignment can adversely affect reproduction. 
In the unlikely event that the author did not send UMI a complete 
manuscript and there are missing pages, these will be noted. Also, if 
unauthorized copyright material had to be removed, a note will indicate 
the deletion. 
Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand corner and 
continuing from left to right in equal sections with small overlaps. Each 
original is also photographed in one exposure and is included in 
reduced form at the back of the book. 
Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6" x 9" black and white 
photographic prints are available for any photographs or illustrations 
appearing in this copy for an additional charge. Contact UMI directly 
to order. 
University Microfilms International 
A Bell & Howell Information Company 
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 
313/761-4700 800/521-0600 

Order Number 9223066 
Porcine somatotropin effects on performance, carcass and leg 
soundness traits of normal, carrier and stress susceptible swine 
Skaggs, Chris Lee, Ph.D. 
Iowa State University, 1992 
U M I  
300N.ZeebRd. 
Ann Aibor, MI 48106 

Porcine somatotropin effects on performance, 
carcass and leg soundness traits of 
normal, carrier and stress susceptible swine 
by 
Chris Lee Skaggs 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of the 
Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department: Animal Science 
Major: Animal Breeding 
Approved: 
Charge of Major Work 
For the Major tment 
For the Graduate College 
Iowa State University 
Ames, Iowa 
1992 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
il 
TABLE OF CONTENTS 
INTRODUCTION 1 
Explanation of Dissertation Format 4 
REVIEW OF LITERATURE 5 
Porcine Stress Syndrome 5 
Introduction 5 
Mode of inheritance 7 
Methods of detection 9 
Halothane screening 9 
Blood typing 11 
Blood typing (Phi, Po2 and Pgd loci) 12 
Blood typing (H and S(A-O) loci) 12 
Phenotypic scoring 14 
Creatine phosphokinase blood level 14 
Ryanodine gene 16 
Etiology 17 
Performance traits 20 
Quantitative traits 21 
Qualitative traits 22 
Porcine Somatotropin 25 
Introduction 25 
Metabolic effects 26 
Somatogenic effects 29 
Effects on growth performance and 
carcass composition 31 
Biological potency of recombinantly-derived somatotropin 32 
Optimal dosage 33 
Mode of delivery 34 
Nutritional requirements 37 
Effect on thermoneutral zone 40 
Interaction with sex of pig 41 
Interaction with various genotypes 42 
Effect on qualitative carcass traits 47 
Effect on animal health 50 
SECTION I. PORCINE SOMATOTROPIN EFFECTS ON GROWTH 
PERFORMANCE AND LEG SOUNDNESS TRAITS OF 
NORMAL, CARRIER AND STRESS SUSCEPTIBLE SWINE 52 
ABSTRACT 53 
ill 
INTRODUCTION 56 
MATERIALS AND METHODS 58 
RESULTS 66 
DISCUSSION 75 
Implications 81 
REFERENCES 83 
SECTION II. PORCINE SOMATOTROPIN EFFECTS ON QUANTITATIVE 
AND QUALITATIVE CARCASS TRAITS OF NORMAL, 
CARRIER AND STRESS SUSCEPTIBLE SWINE 88 
ABSTRACT 89 
INTRODUCTION 92 
MATERIALS AND METHODS 95 
RESULTS 101 
DISCUSSION 116 
Implications 126 
REFERENCES 128 
SUMMARY AND CONCLUSIONS 
REFERENCES 
ACKNOWLEDGMENTS 
135 
138 
159 
iv 
LIST OF TABLES 
SECTION I. PORCINE SOMATOTROPIN EFFECTS ON GROWTH 
PERFORMANCE AND LEG SOUNDNESS TRAITS OF 
NORMAL, CARRIER AND STRESS SUSCEPTIBLE SWINE 
Table 1. Least-squares means and standard errors for 
performance traits of stress genotype (G) x rpST 
treatment (T) subclasses 67 
Table 2. Least-squares means and standard errors for the effects 
of sex (S) and rpST treatment (T) by sex interaction 
on growth performance 69 
Table 3. Least-squares means and standard errors by treatment 
group for leg soundness traits at trial completion 71 
Table 4. Least-squares means and standard errors by treatment 
group for osteochondrosis scores 72 
Table S. Correlation coefficients of leg soundness traits with 
respective osteochondrosis scores 74 
SECTION II. PORCINE SOMATOTROPIN EFFECTS ON QUANTITATIVE 
AMD QUALITATIVE CARCASS TRAITS OF NORMAL, 
CARRIER AND STRESS SUSCEPTIBLE SWINE 
Table 1. Least-squares means and standard errors for 
quantitative carcass traits of stress genotype 
(G) X rpST treatment (T) subclasses 102 
Table 2. Least-squares means and standard errors by genotype 
for quantitative carcass traits 103 
Table 3. Least-squares means and standard errors for effect 
of sex (S) and rpST treatment (T) by sex interaction 
on quantitative carcass traits 106 
Table 4. Least-squares means and standard errors by treatment 
group for carcass composition traits 107 
Table 5. Least-squares means and standard errors for trimmed 
wholesale cut weights and percentages 109 
Table 6. Least-squares means and standard errors by treatment 
group for composition of lean and adipose tissue 110 
V 
Table 7. Least-squares means and standard errors by genotype 
for qualitative carcass traits 112 
Table 8. Least-squares means and standard errors for 
qualitative carcass traits of stress genotype (6) 
X rpST treatment (T) subclasses 113 
1 
INTRODUCTION 
It has been estimated that the livestock industry of the United 
States produces 5 billion pounds of excess fat annually. The excess fat 
represents an inefficient usage of feed resources and is discriminated 
against in the market place by consumers. Historically, producers have 
utilized changes in genetics, environment or nutrition to alter body 
composition of swine to achieve leaner and more product-oriented carcas­
ses. Recently, interest in administration of lean growth enhancers such 
as porcine somatotropin (pST) increased as recombinant DNA technology has 
provided a species-specific, biologically-active form of pST (Seeburg et 
al., 1983). In 1955, Turman and Andrews (1955) first administered 
purified anterior pituitary extracts of pST to swine and noted improved 
feed efficiency and body composition in treated animals. Hachlin (1972) 
also demonstrated that pituitary-derived pST enhanced performance and 
lean to fat ratios of growing pigs. The advent of a recombiiiantly-
derived pST provided a more easily obtainable source of the hormone and 
has proven to be as effective as its pituitary-derived counterpart in 
eliciting changes in growth performance and carcass composition by 
Etherton et al. (1986a) and Ivy et al. (1986). 
The economic significance of postweaning growth rate, feed conver­
sion and carcass composition has pushed research on recombinantly-derived 
pST to the forefront. Consequently, the efficacy of pST in improving 
growth rate, feed efficiency and carcass lean:fat ratio has been well 
documented (Machlin, 1972; Chung et al., 1985; Boyd et al., 1986; 
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Etherton et al., 1986, 1987; Caunpbell et al., 1989a,b; Evock et al., 
1988; McLaughlin et al., 1989; Bidanel et al., 1991; Fabry et al., 1991). 
Specific breeds and genetic lines have been evaluated to detect 
possible differential responses to pST. Generally, pST has been shown to 
improve performance and carcass merit in an additive manner regardless of 
genotype (Bark et al., 1989; Nossaman et al., 1989; Campbell et al, 1990; 
Kanis et al., 1990; Bidanel et al., 1991). Evidence exists, however, 
suggesting markedly different responses of various sexes to pST with 
elimination of innate sex differences. Greater responses have been 
observed for barrows in feed conversion (Campbell at al., 1990) and 
carcass backfat (Campbell et al., 1990; Kanis et al., 1990) relative to 
gilts. 
The quantitative changes in carcass lean and fat have provided 
impetus to investigate qualitative changes within the muscle tissue. 
Solomon et al. (1989, 1990) found increased incidence of pale, soft and 
exudative (PSE) meat and hypertrophied fibers in pigs receiving daily 
rpST injections. In contrast, other researchers have not observed 
greater occurrence of PSE with rpST treatment (Ender et al., 1989; 
McLaughlin et al., 1989; Beermann et al., 1990b; Miller et al., 1991). 
Since the stress-positive genotype is noted for development of PSE 
condition (Briskey, 1964; Topel et al., 1975; Cheah et al., 1984) and 
increased muscle fiber diameter (Mirchev and Vitanov, 1987), it provides 
an animal model predisposed to the PSE condition on which to evaluate 
effects of rpST. A review by Prusa (1989) examining pST-elicited changes 
in muscle quality found the majority of studies reported reduced marbling 
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with less than 1% intramuscular fat common among pST-treated animals. 
Barton-Gade (1988) observed that meat classified as PSE generally 
possessed an intramuscular fat content below 2% which was significantly 
less than marbling amounts observed in normal (non-PSE) meat. Conse­
quently, stress-positive swine with their greater incidence of the PSE 
condition have a reduced intramuscular fat levels compared with non-
stress susceptible genotypes (Webb & Simpson, 1986). In addition, the 
three stress genotypes are known to differ in growth and body composition 
characteristics and hence provide an excellent model for investigation of 
the magnitude of genotypic responses to rpST. 
The effect of rpST on musculoskeletal development and structural 
soundness has been scrutinized by Hachlin (1972) who reported development 
of an arthritic-like condition in pST-treated animals. Evock et al. 
(1988) also reported inhibited mobility with pST administration and 
attributed hindrance of movement to increased incidence of osteo­
chondrosis associated with the joint surfaces of treated animals. 
This project was undertaken due to the limited research on respon­
siveness of known genotypes to rpST and because of the uniqueness of the 
stress-susceptible, carrier and negative genotypes. The three genotypes 
are known to differ for the traits influenced by rpST such as growth, 
feed efficiency, carcass composition and muscle quality. Consequently, a 
cooperative project was devised with Pitman-Moore to examine the effects 
of rpST on growth performance, feed conversion, leg soundness character­
istics and qualitative carcass traits of three stress-related genotypes 
of swine. 
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Explanation of Dissertation Format 
This dissertation is presented in the alternate format as outlined 
'in the Iowa State University Graduate College Thesis Manual. The 
alternate format allows the author to prepare independent papers suitable 
for submission to scientific journals of choice for publication. 
The dissertation consists of a general introduction, a review of 
literature pertinent to research topics addressed, two independent and 
publishable papers, a general summary and conclusions briefly outlining 
findings of research and a references cited section. The references 
cited in the general introduction, literature review and general summary 
follow the summary section. The respective papers consist of a title 
page, abstract, introduction, materials and methods, results, discussion, 
implications and references. The format for the papers follows guide­
lines established by the Journal of Animal Science and consequently will 
be submitted to that journal for publication. 
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REVIEW OF LITERATURE 
Porcine Stress Syndrome 
Introduction 
Porcine stress syndrome (PSS) is a genetic abnormality which affects 
a pig's ability to maintain homeostasis in presence of physiological or 
environmental challenges. Stressors present in normal production and 
marketing practices such as handling, transporting, breeding or fighting 
with other animals are all capable of triggering PSS in susceptible 
animals. In addition, environmental stressors such as elevated tempera­
ture and humidity can induce PSS as well. Topel et al. (1968) outlined 
the progression of events associated with the syndrome. First, muscle 
and tail tremors are initiated and blotchy skin cyanosis becomes evident. 
Once initiated, the response escalates leading to dyspnea, hyperthermia 
and metabolic acidosis. Body temperature may rise l^C within a five min 
interval (Gronert, 1980) and metabolic rate can elevate to 17 times that 
of normal condition (Williams et al., 1975). Topel et al. (1968) 
described the stressed pig eventually collapsing into a shock-like state 
characterized by muscle rigidity, lateral recumbency marked by extensor 
rigidity of legs, and ultimately death with rapid onset of rigor mortis. 
Topel et al. (1968) noted that 80% of stressed animals died within 20 to 
90 min of entering final phase of PSS. The postmortem muscle character­
istics of stress susceptible animals have been generally classified as 
pale, soft and exudative (PSE) (Briskey, 1964) or dark, firm and dry 
(Topel, 1967). The pale, watery muscle is more predominant with PSS as 
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approximately 60-70% of stress-positive animals develop this type 
musculature within 15-30 min postmortem. Therefore, both PSS and PSB are 
manifested in stress-susceptible animals. 
Porcine stress syndrome is of economic importance to the U.S. swine 
industry. It affects both producing and processing industries with death 
loss and reduced product value, respectively. The Livestock Conservation 
Institute (1991) recently reported a loss of 32 million dollars annually 
due to reduced market value and export revenue associated with PSE pork. 
The first report of PSB originated in Denmark where Ludvigsen (1953) 
observed "muscle degeneration" in postmortem carcasses, subsequently, 
Ludvigsen (1957) determined the muscle degeneration was the result of 
hereditary disease altering adrenal cortex function. Lawrie et al. 
(1958) reported abnormally low pH values associated with longissimus 
dorsi muscle from carcasses of pigs harboring the stress condition. The 
incidence of PSE increased with breeding programs designed to produce 
rapid growth rates, improved feed efficiency, and superior muscling 
(Ceunpion and Topel, 1975). Stress-susceptibility came to the forefront 
in the U.S. in the mid to late sixties when hogs selected for such traits 
could not withstand stressful situations without unexplainable death 
losses. The Livestock Conservation Institute, Inc. (1971) found 36% of 
hog producers surveyed had encountered the PSS problem. Similarly, 
Christian (1967) surveyed Iowa seedstock producers and reported 35% 
frequency of PSS-like symptoms within those herds. Consequently, Hall 
(1972) projected a loss of 230 to 320 million dollars attributable to PSS 
and associated PSE at that time. Due to the monetary significance and 
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prevalence of PSS, research has been directed at determining the mode of 
Inheritance, methods of detection and etiology, as well as effects on 
performance and quantitative and qualitative carcass characteristics of 
stress-susceptible swine. 
Mode of Inheritance 
The Inheritance of porcine stress syndrome is postulated as a single 
recessive gene with Incomplete penetrance (Christian, 1972; Ollivler et 
al., 1975; Smith and Bampton, 1977; Rempel et al., 1979; Mabry et al., 
1981). Grashorn (1988) verified the applicability of this mode of 
inheritance in German Landrace pigs finding the hypothesis of one locus 
with incomplete penetrance to be highly probable using maximum-likelihood 
statistical analysis. Malignant hyperthermia (HH) is a rare but poten­
tially fatal pharmacogenetlc disorder in man that is characterized by 
tachycardia, intense muscle contractions, unstable blood pressure, 
elevated temperature, and metabolic acidosis in response to certain 
anesthetics (Heffron and Mitchell, 1985). The first report describing 
the human model of MH evolved from observations of Oenborough and Lovell 
(1960). Initial interest in MH started with collaboration of Locher from 
Wausau, Wisconsin and Britt and Kalow from Toronto to investigate a 
family in which 30 members had died from exposure to general anesthesia. 
Early findings recognized elevated creatine phosphoklnase (CPK) levels 
(Isaacs and Barlow, 1970) and skeletal muscle contracture responses 
(Kalow et al., 1970) associated with HH. Hall et al. (1966) first 
described PSS in pigs subjected to halothane and suxamethonium anesthe­
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sia. Others have provoked PSS in swine by use of halothane (Harrison et 
al., 1968; Sybesma and Bikelenboom, 1969; Christian, 1974). Since both 
swine (Hall et al., 1966; Sybesma and Eikelenboom, 1969; Berman et al., 
1970; Jones et al., 1972; Lucke et al., 1976) and humans (Saidman et al., 
1964; Stephen, 1967; Wilson et al., 1967; Ryand and Papper, 1970) respond 
similarly to specific anesthetics with increased metabolism, heat and 
lactate production, human MH and swine PSS were determined to be compara­
ble aberrations within both species. Likewise, Ball et al. (1972) and 
Rasmussen and christian (1976) concluded that HH and PSS were synonymous 
in swine. 
Britt et al. (1980) noted that most volatile anesthetics trigger HH 
with the most potent being halothane. Sodium dantrolene, a muscle 
relaxant, is commonly used to neutralize effects of HH and has signifi­
cantly improved survival of afflicted individuals (Gronert et al., 1980). 
Due to similarities of HH and PSS, the pig has provided a good animal 
model to determine the pathogenesis of the human syndrome. 
The porcine HH gene has been documented in most swine breeds 
including Landrace (Harrison et al., 1968; Berman et al., 1970), Pietrain 
(Sybesma and Eikelenboom, 1969; Allen et al., 1970), Poland China (Woolf 
et al., 1970; Jones et al., 1972; Nelson et al., 1972) and Yorkshire 
(Christian, 1972, 1974; Habry et al., 1981). The HH syndrome has also 
been observed in cats (deJong et al., 1974) and dogs (Short, 1973; 
Bagshaw et al., 1978). The etiology of human HH has been well documented 
(Britt et al., 1969; Isaacs and Barlow, 1970; Gronert, 1980; Ellis and 
Heffron, 1985). Heffron and Hitchell (1985) noted only small differences 
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between HH in humans and pigs. They reported that the abnormal muscle 
structure found in human MH was rarely found in pigs, stress triggered MH 
in pigs but not humans and serum calcium levels decreased with MH in 
humans but increased in pigs. However, as previously noted, the MH-
induced changes in vital signs, metabolism and temperature were similar 
in swine and humans and the inability to control intracellular calcium 
levels has been implicated as the primary causative factor in both 
(Gronert, 1980). 
Methods of detection 
The frequency of PSS in the U.S. swine population has been reduced 
from its peak frequency in the late sixties and earlier seventies. 
Christian and Habry (1989) estimated the occurrence of PSE pork to be 8 
to 12%. Consequently, improvements in predicting resistance or suscepti­
bility to PSS have aided producers in identifying susceptible animals. 
Halothane screening The relationship of halothane exposure and 
PSS (Hall et al., 1966; Sybesma and Eikelenboom, 1969) led investigators 
to develop a method of detection based on this relationship. The 
halothane screening test was developed by Christian (1974) and Eikelen­
boom and Hinkema (1974). The genetic predisposition of individual pigs 
to PSS and hence a positive halothane test is controlled by an autosomal 
locus (HAL) consisting of alleles N and n (Smith and Hampton, 1977; 
Andresen and Jensen, 1977). The stress-susceptible genotype (nn) is 
sensitive to halothane anesthesia but nonstress-susceptible genotypes (NN 
and Nn) are relatively insensitive. The halothane test as described by 
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Christian (1974) involved exposing 8- to 10-wk-old pigs to halothane (6%) 
anesthesia via a nosecone apparatus for three min or until induction of 
muscle rigidity, h positive PSS-susceptible reaction consisted of 
pronounced muscle rigidity, extension of hind legs, increased respiration 
rate and skin blotching generally within 30 to 160 s (Christian, 1974; 
Webb and Jordan, 1978). At onset of muscle rigidity, treatment stopped 
immediately to prevent death of reactor. A negative reaction, stress 
resistant, involved loss of consciousness and a state of relaxation 
within full three min on halothane. The timing of halothane screening is 
critical as Webb (1981) performed repeat tests at different ages and 
found the HAL gene was not expressed fully before five to eight wk of 
age. The test was highly repeatable (.95) (Webb and Jordan, 1978; Alva-
Valdee, 1979) and reaction time was moderately heritable (.4) at eight wk 
of age (Webb et al., 1985). However, even with advantages of immediate 
results, relatively low cost and simplicity, halothane screening is 
hindered by inability to differentiate between NN and Nn genotypes. 
The reactivity to halothane anesthesia of the Nn genotype has 
provided contradictory results with apparent positive reactions observed 
by Riek et al. (1983). However, Mabry et al. (1981) failed to observe 
reactions within heterozygotes. Webb et al. (1985) reported frequency of 
halothane reaction much higher in Nn (20%) than NN genotype (3%). These 
researchers also proposed involvement of maternal inheritance because of 
reciprocal difference between NN male x nn female (28%) and nn male x NN 
female (12 %) progeny for halothane reactors. Southwood et al. (1985) 
reported similar results for the reactivity of heterozygotes and suggest­
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ed the presence of 20% Nn reactors would increase number of progeny 
required from test matings with nn to approximately 50 to establish 
heterozygosity of an animal. 
Blood typing The prediction of HAL genotypes through blood 
typing is based on haplotype determination by using both HAL and marker 
loci of parents and their progeny. Rasmusen and Christian (1976) first 
suggested the concept and Gahne and Juneja (1985) utilized the idea on a 
larger scale to determine haplotypes of individual pigs. They found the 
system advantageous in classifying offspring genotypes from Nn x Nn, NN x 
Nn, and Nn x nn matings. Consequently, the limitations of the halothane 
test were overcome through inclusion of both types of information. Five 
blood marker loci comprise the halothane linkage group and include two 
blood group loci (S and H), two red cell enzyme loci (phosphohexose 
isomerase, Phi, and 6-phosphogluconate dehydrogenase, Pgd) and one plasma 
protein locus (postalbumin-2, Po2) (Jorgensen, 1981; Rasmusen, 1981; 
Juneja et al., 1983). The HAL linkage group allows for prediction of 
genotypes for halothane sensitivity based on phenotypes of closely linked 
marker loci. Recently, in situ hybridization with a DNA probe, GPI8R, 
determined that the HAL linkage group is located on chromosome six of the 
pig (Davies et al., 1988). The predicted order of the marker loci within 
the linkage group was S-Hal-Phi-H-Po2-Pgd (Vogeli, 1989). Gahne and 
Juneja (1985) found two red cell enzymes. Phi and Pgd, and a plasma 
protein, Po2, to each have two genetic variants distinguishable by 
electrophoresis. Imlah (1982) failed to find marker alleles or allelic 
combinations which were always linked to the recessive allele n. 
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Consequently, a combination of halothane screening and three blood 
markers (Phi, Pgd and Po2) was necessary to achieve 90% efficiency of 
prediction (Gahne and Juneja, 1985). 
Blood typing (Phi. Po2 and Pad loci) The three electrophoretic 
blood marker loci (Phi, Po2, Pgd) were analyzed by Gahne and Juneja 
(1985) to determine haplotypes of parents and offspring of 75 Swedish 
breeding herds. They analyzed the red cell lysates for Phi and Pgd by 
agarose gel electrophoresis at pH 7.2. The procedure took three to four 
h and resulted in two homozygous types, A and B, and one heterozygous 
type, AB. The plasma Po2 samples were analyzed by two-dimensional gel 
electrophoresis as described by Juneja et al. (1983) and Gahne and Juneja 
(1985). First dimension separation utilized an agarose gel maintained at 
pH 5.4 for 70 min. The second dimension separation was accomplished in a 
horizontal polyacrylamide gel held at pH 9.0 during a three-h time 
period. Gels were stained with Coomassie Brilliant Blue G250 (30 min) 
followed by destaining in a 5% acetic acid solution (30 min). The two-
dimensional pattern could be typed as F, S or FS for Po2. As a result of 
the study, Gahne and Juneja (1985) confirmed Phi-Po2-Pgd positions. Phi 
was proposed to be located between Hal and H by Guerin et al. (1983) and 
Van Zeveren et al. (1988) and this finding was firmly established by 
Vogeli (1989) and ïerle et al. (1990). 
Blood typing (H and SfA-Ol loci) The A-0 system in pigs is 
similar to ABO system of humans. Pigs are classified as A or O blood 
type with A dominant to O. Some pigs fail to express either A or O due 
to epistatic action of homozygous recessive loci (Rasmusen, 1964). 
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As a result, the tests for A and O are divided into two categories based 
on hemolysis to antibody A or antibody O and those without hemolytic 
response to either antibody (Rasmussen and Christian, 1976). The 
researchers used antibodies to A and O prepared from normal serum of a 
cow and normal serum of a goat, respectively; whereas, all H-system 
reagents originated from isoimmune antiserums obtained from immunization 
of one pig with red blood cells from another. 
Rasmusen and Christian (1976) discovered relationship between 
halothane sensitivity and the H locus. They concluded that a combination 
of the H and A-0 systems could be used to predict stress susceptibility. 
The H locus is composed of seven alleles with the H^, H°, and H occurr­
ing in greatest frequency (Hojny, 1973) and provide five identifiable 
genotypes of H*/*, H°^, and H~^~. Mabry et al. (1983) 
outlined the blood typing procedure based on hemolysis or no hemolysis of 
erythrocytes in presence of A or O antisera. Hemolysis rapidly in H* 
antisera denoted H*/H* genotype. Less rapid hemolysis in the same 
antisera generated a H^/H~ reading. Reaction of red cells to antisera 
signified possession of a minimum of one "c" gene. They further noted 
that pigs possessing two "c" genes could not be distinguished from those 
possessing a single "c" gene except when the other gene present was "a." 
Failure of red cells to interact with either antisera (A or O) signified 
-/-
H designation. Using hemolysis (+) or no hemolysis (-) to either A or 
O antisera in combination with H system, Mabry et al. (1983) found +H ^ 
and to be 98.3 and 97.7% stress susceptible, respectively. Stress-
resistant genotypes were +H*/* (97.8%), (100%), and +H°^" (98.1%). 
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The +H*/ blood type possessed individuals of both susceptible and 
resistant classifications. Similarly, Rasmusen and Christian (1976) in 
earlier work found -H*/* (100%) and +H ^ (94%) Yorkshire pigs to be 
predominantly stress susceptible while (100%) and (92%) were 
mostly resistant. Jorgensen et al. (1976) also found allele primarily 
associated with stress-resistant population; however, pigs of H /H 
genotype were stress susceptible in their study which suggested existence 
of breed differences. 
Phenotvpic scoring A subjective method in which pigs are scored 
on visual appearance is based on their degree of muscularity and quantity 
of fat deposition. Forrest et al. (1968), Topel et al. (1968) and Judge 
(1969) observed stress-susceptible animals excelled in both muscularity 
and leanness. Visual indicators include extreme muscularity, trimness 
and tightness of jowl and middle and small size (Topel and Christian, 
1981). Authors also noted muscle and tail tremors, irregular and heavy 
breathing, dilated pupils and skin blotching after physical exertion. 
Christian (1974) scored 44 Yorkshire pigs on a scale from one (resistant) 
to ten (susceptible) according to observed phenotype. When compared to 
halothane screening, 20% were misclassified. Due to subjectivity of 
phenotypic scoring, its accuracy for detecting PSS is low (40-80%) and 
suspect. 
Creatine phosohokinase blood level Cassens and co-workers (1975) 
evaluated several blood enzymes on ability to accurately predict PSS 
susceptibility. They found creatine phosphokinase to be closely related 
to muscle quality, easily measured and a good predictor of PSS. Elevated 
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serum CPK levels have been observed in families with high susceptibility 
to MH (Britt et al., 1976) and in stress-susceptible swine (Woolf et al., 
1970; Jones et al., 1972; Christian, 1974; Addis et al., 1974; Carlson et 
al., 1980). 
Nevins et al. (1973) found CPK to be necessary for energy retention 
within tissues and a catalyst for reversible reaction: 
CPK 
Cieatine + ATP Creatine Phoaphate + ADP 
Mg+ + 
Interruption of above reaction and subsequent reduction in ATP synthesis 
and depletion of muscle ATP enhances onset of rigor mortis. Christian 
and Mabry (1989) delineated possible causes of elevated CPK levels 
including myocardial infarction, tachycardia, exercise, intramuscular 
injections and diseases of muscular dystrophy and hyperthyroidism. 
Physical exertion at weaning and slaughter resulted in significant serum 
CPK increase for stress-susceptible pigs (Christian, 1974). Halothane 
screening also elevated CPK levels for four h post-screening in stress-
positive versus control animals. 
Addis et al. (1974) and Beermann et al. (1975) found high repeata­
bility of serum CPK levels for week to week and duplicate samples, 
respectively. Mabry et al. (1983) also reported CPK serum concentrations 
to be in close agreement (87% to 91%) with halothane-determined stress 
classification. Mabry and co-workers (1983) reported threshold CPK 
levels for segregating stress-susceptible from stress-resistant animals. 
They found values of 100 units CPK/ml with Sigma Chemical Company 
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procedure and a corresponding value of 125 light units with Antonik 
method to differentiate two genotypes with minimal misclassifications. 
Bickhardt (1981) found CPK to be the most predictive blood enzyme of PSS. 
However, blood samples for CPK analysis must be collected properly via an 
ear vein or suborbital sinus to prevent contamination from high CPK 
content of muscle tissue. 
Ryanodine aene Most recently, identification of mechanism 
responsible for MH and PSS has centered on gene mapping and identifica­
tion of mutations associated with the ryanodine gene. MacKenzie et al. 
(1991) mapped the ryanodine receptor to region ql3.1 of human chromosome 
19 which closely corresponds to location of MH susceptibility locus in 
humans as determined by McCarthy and co-workers (1990). Davies et al. 
(1988) reported the halothane-sensitive gene in swine segregates with GPI 
locus and there is a synteny group on human chromosome 19 in close 
proximity to ryanodine gene. Further investigation by Fujii et al. 
(1991) identified a single point mutation associated with PSS in breeds 
of extremely lean, heavily muscled swine. Authors postulated that the 
observed mutation in all five breeds originated from common source. 
Fujii and colleagues (1991) hypothesized that if a mutation was indeed 
responsible for PSS, development of a noninvasive diagnostic test could 
prove beneficial in controlling or eliminating PSS in future swine 
breeding programs. In addition, Levitt et al. (1990) noted that gene 
encoding for lipase was also on human chromosome 19ql3.1 near the MH gene 
and could be involved in MH and PSS aberrations. They cited abnormally 
high (2); times normal rate) fatty acid release by muscle and mitochondria 
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of human and swine MH-susceptible individuals coupled with inability of 
insulin to deactivate the fatty acid release resulted in catastrophic 
metabolic consequences of HH. 
Etiology 
Several physiological mechanisms have been implicated as possible 
etiologies triggering lactic acidosis and elevated muscle temperature of 
PSS and associated development of PSE pork. Porcine stress syndrome is 
associated with inability of stress-susceptible animals to stabilize 
intracellular calcium and hence abnormal calcium metabolism results 
within skeletal muscle. Topel and Hallberg (1985) reviewed etiology and 
attributed onset of syndrome to overstimulation of nerve motor end plates 
with release of phosphorylase kinase and myosin ATPase followed by rapid 
and sustained calcium release. The high concentration of calcium 
stimulates actomyosin and muscle contraction. Muscle contraction is not 
inactivated by magnesium-stimulated myokinase due to abnormally low 
magnesium levels (Ludvigsen, 1985). Consequently, uninhibited calcium 
release from sarcoplasmic reticulum is sustained longer in stress-
susceptible than stress-resistant animals (Topel and Hallberg, 1985) and 
results in muscle rigidity. The authors also noted that the calcium-
induced rigidity differed from rigor mortis because the latter results 
from ATP depletion. They further noted severe muscle contractions, 
increased rate of ATP hydrolysis, increased heat production, pH drop, 
stimulated glycolysis and finally a lethal intracellular calcium buildup 
to disrupt plasma and mitochondrial membranes. Topel et al. (1975) 
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observed more rapid glycolysis with stress exposure in Pss-susceptible 
than nonsusceptible individuals. The sarcoplasmic reticulum binds 80% of 
muscle calcium and the remainder is bound to the mitochondria (10%) and 
sarcolemma (10%) (Sulakhe et al., 1973). Due to its importance in 
binding muscle calcium, the sarcoplasmic reticulum has been suggested as 
a possible lesion site. 
The review by Topel and Hallberg (1985) described other abnormal 
conditions associated with stress-susceptible animals which could 
possibly contribute to stress syndrome. One such mechanism was the more 
significant decline in caudate nucleus (upper forebrain) density with age 
in stress-susceptible (58%) than in stress-resistant (27%) animals. This 
finding is important because the caudate nucleus produces dopamine which 
serves as an inhibitor to muscle-excitatory acetylcholine. Consequently, 
deficits of dopamine and subsequent reduced inhibition of acetylcholine 
results in overstimulation of neuromuscular junction found with PSS. A 
second condition mentioned by the authors was a mitochondrial membrane 
defect affecting pyruvate movement and uptake of calcium. Although not a 
primary causative mechanism of PSS, the reduced ability of mitochondria 
to accumulate calcium in stress-susceptible pigs is a contributing factor 
to the syndrome. A third difference described by Topel and Hallberg 
(1985) was the increased retention of magnesium in halothane-sensitive 
compared with nonsensitive pigs. The delayed magnesium exchange influ­
ences myokinase release and disassociation of actomyosin into relaxed 
state. 
19 
Topel et al. (1975) suggested altered adrenal cortex function or 
blood hormone clearance levels were indicative of PSS. Harpie et al. 
(1972) and Weiss et al. (1974) reported higher circulating plasma 
glucocorticoid levels in stress-positive pigs. Marple (1977) reported 
stress-resistant animals had significantly elevated acetylcholine levels 
of two to three times that of normal animals. Marple and Cassens (1973) 
determined Cortisol synthesis increased in stress-susceptible animals and 
metabolic clearance rate for Cortisol was approximately five times higher 
than that of controls. These results suggest greater utilization of 
adrenal corticoids by stress-susceptible animals when placed under stress 
conditions. Growth hormone (GH) levels were similar between stress-
positive and normal pigs (Marple et al., 1972). In addition, physical 
stress did not alter circulating GH levels of two genotypes. Stress-
susceptible swine had lower plasma thyroxine concentration and a reduced 
thyroxine half-life (Topel and Christian, 1981). Marple et al. (1977) 
found administration of thyroxine to swine resulted in reduced calcium 
uptake by the sarcoplasmic reticulum and thus could contribute to calcium 
efflux observed in PSS. No significant differences have been found for 
urinary epinephrine or norepinephrine in stress-positive versus normal 
pigs (Topel and Christian, 1981). Authors noted the primary difference 
occurred when urinary dopamine levels were significantly lower in stress-
susceptible (22.9 pg/24 h) as compared to normal animals (31.1 pg/24 h). 
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Performance traits 
Webb (1981) summarized results of several studies evaluating growth 
and feed efficiency differences between halothane positive and negative 
pigs. He noted a slight decrease in mean daily gain (-2 g/d) for 
positive animals and a range in differences from -47 to 28 g/d in studies 
reviewed. The mean daily feed intake was .07 kg less and feed efficiency 
improved .06 between positive and negative animals. The observed 
difference between two groups for feed intake ranged from -.46 to .06 kg 
daily and feed efficiency improvements up to .30 kg feed/kg gain were 
detected. Carlson et al. (1980) reported a similar rate of gain, feed 
efficiency and feed conversion ratio between PSS positive and negative 
pigs in their study. Christian and Rothschild (1981) evaluated York-
shire-Poland China crosses of three stress genotypes (NN, Nn, nn) for 
performance traits during the growth phase from 32 to 109 kg. They 
reported average daily gain, feed efficiency and feed intake were not 
significantly different among genotypes. However, observed feed conver­
sion ratios were similar for nn (3.45:1) and Nn (3.50:1) genotypes and 
were improved to that of NN (3.60:1). Feed intake was also reduced for 
susceptible (2.59 kg/d) and carrier (2.59 kg/d) animals compared with 
resistant (2.72 kg/d) group. In contrast, Jensen (1981) found daily gain 
from 25 to 90 kg differed significantly between three genotypes. The 
averages for NN, Nn and nn were 724, 625 and 622 g/d, respectively. 
Jensen and Barton-Gade (1985) reported faster growth within Danish 
Landrace from 25 to 90 kg of NN relative to Nn or nn genotypes. The most 
pronounced difference (39 g/d) resulted between the two homozygotes in 
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favor of negative animals. Webb and Simpson (1986) confirmed findings 
with ad libitum feeding of British Landrace as halothane-positive pigs 
had reduced daily feed consumption (.08 kg) and enhanced feed conversion 
ratio (.06) compared with halothane-negative pigs. 
Quantitative traits 
Consistent differences have been observed for quantitative carcass 
traits of stress positive and negative animals. The review by Webb 
(1981) outlined notable differences such as shorter length (11 mm), 
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reduced average backfat (1 mm), increased loin muscle area (1.1 cm ) 
increased percent lean (2.6%), and higher dressing percent (1.0%) associ­
ated with carcasses of nn versus N- animals. Carlson et al. (1980) found 
nonsignificant differences between PSS positive and negative pigs for 
carcass backfat, length and yield. However, it was determined that PSS 
animals had a significantly larger loin eye area and carcass lean per­
centage with reduced carcass fat percentage relative to their negative 
mates. 
Carcass characteristics of the heterozygote (Nn) compared with the 
two homozygotes (NN, nn) were reported by Christian and Rothschild 
(1981). They observed an intermediate positioning of Nn relative to NN 
and nn for dressing percent, carcass length and percentage lean. 
Differences were small and generally insignificant when compared with 
values of either homozygote. Jensen (1981) also evaluated carcasses of 
three genotypes. Carrier animals (98.1 cm) were significantly longer 
than nn (97.0 cm) but similar to NN (97.6 cm). Sidefat values were 
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different among NN (16.8 mm), Nn (13.9 mm) and nn (12.6 mm) classiflca-
2 
tlons. Longisslmus dorsi area was not different between Nn (32.4 cm ) 
2 
and nn (32.8 cm ), but both values were larger than that observed for NN 
2 (30.9 cm ). Jensen and Barton-Gade (1985) also reported carcass compari­
sons of stress genotypes. Carcass length was similar for NN (98.0 cm) 
and Nn (97.9 cm) and both were longer than nn (96.8 cm). Sidefat 
measurements were different among NN (16.3 mm), Nn (14.4 mm) and nn (13.0 
mm) genotypes. Likewise, percent lean significantly differed for NN 
(60.2%), Nn (61.9%) and nn (64.2%) groups. Loin eye area was intermedi­
ate for Nn and not different from either homozygote. 
Oualitafciva traits 
The high frequency of PSE associated with muscle of stress-suscep-
tible pigs is attributable to rapid postmortem glycolysis (Bendall and 
Wismer-Federsen, 1962; Greaser et al., 1969; Sybesma and Eikelenboom, 
1969; Cheah, 1984). Elevated muscle temperature (35oc or higher) coupled 
with accelerated glycolysis results in rapid pH drop to value of 5.9 or 
lower at onset of rigor mortis (Topel et al., 1985). These conditions 
promote protein denaturation and formation of an exudate in the carcass 
(Bendall and Wismer-Petersen, 1962; Penny, 1977; Warriss, 1982). In PSE 
condition, the sarcoplasmic proteins lose solubility immediately after 
death due to rapid fall in pH and decline to 55% of original value by 24 
h postmortem (Sayre and Briskey, 1963). Consequently, greater light 
transmittance values have been observed on muscle samples collected 24 h 
postmortem from PSE carcasses and reflect increased protein precipitation 
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or turbidity (Martin et al., 1975; Carlson et al., 1980). HcLoughlin and 
Goldspink (1963) observed adverse changes in muscle color, texture and 
water holding capacity occurred beyond 45 min postmortem and in chilling 
phase. The 45-min pH values have proven to be highly predictive of 
muscle water retention. Marries and Brown (1987) found muscles with 
decreasing 45-min pH values below 6.1 to have greater drip loss and paler 
color. Likewise, Bendall and Wismer-Pedersen (1962) reported less water 
retention per gram of protein in PSE myofibrils as compared to those of 
normal pork muscle. Since combined effects of high temperature and low 
pH induce PSE, rapid postmortem chilling minimizes PSE by lowering muscle 
temperature and slowing rate of glycolysis (Eikelenboom, 1985). 
Abnormal muscle quality in stress-susceptible swine also includes 
dark, firm and dry (DFD) condition. Briskey et al. (1959) reported 
rigorous exercise or stress reduced muscle glycogen and resulted in 
elevated muscle pH and dark pork color in normal pigs. Later, Briskey 
(1964) concluded stress-susceptible animals produced DFD meat if muscle 
glycogen reserves were exhausted prior to slaughter. Judge et al. (1967) 
and Topel (1969) suggested prolonged stress tended to result in DFD 
muscle in PSS susceptible animals. 
Differences have been shown to exist in muscle fiber types for PSE 
muscle. The glycolytic rates differ among white, red and intermediate 
fibers with the higher rate of anaerobic metabolism associated with white 
fibers. White fibers are predominant in longissimus dorsi, semimembrano­
sus, biceps femoris and gluteus medius (Barton-Gade, 1981). Essen-
Gustavsson et al. (1988) reported no significant difference in amount of 
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each fiber type between stress-positive and normal genotypes. However, 
they did observe an increase in fiber area of each fiber type and more 
marked glycogen depletion in intermediate and white fibers of stress-
positive animals. The increased fiber diameter leads to a coarser grain 
or texture of the pork muscle. 
Carlson and co-workers (1980) reported differences in qualitative 
carcass traits with 45 min pH values of 5.51 and 6.17, Photovolt reflec­
tance color readings of 29.6 and 21.6 and modified Hart method light 
transmittancy values of 68 and 15 for PSS positive and negative pigs, 
respectively. In his summary of 17 studies, Webb (1981) reported mean 
values for increased PSE (46%), increased paleness of lean color (16%), 
increased transmission values (175%), increased CPK activity (.47 log 
units/liter) and decreased 45 min postmortem pH values (-.32) in carcas­
ses of stress-positive animals compared with those of stress-negative 
genotypes. Christian and Rothschild (1981) found differences of NN and 
nn genotypes for muscle quality characteristics to be in general agree­
ment with those reviewed by Webb (1981). Differences were observed (NN 
vs nn) for 45 min muscle pH (6.4 vs 5.7), color reflectance (22 vs 29) 
and percentage light transmittance (24 vs 73). Values obtained for Nn 
genotype for 45 min pH, reflectance and transmittance were intermediate 
to those reported for two homozygotes but Nn values were in closer 
relationship to those of NN. Jensen (1981) also noted that percent PSE 
was similar for NN (21.9%) and Nn (23.0%) and both were significantly 
less than found within nn (73.8%). In addition, meat quality index 
readings for NN and Nn were above PSE threshold level. Jensen and 
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Barton-Gade (1985) observed the nn genotype exhibited fastest rigor 
development, possessed the lowest pH values and were most often PSE (92%) 
of three genotypes tested. NN showed slowest rigor development, had 
highest pH values and maintained normal color (5% PSE). Heterozygous 
genotype, Nn, possessed intermediate values for each of three measured 
qualitative traits, but values tended toward those of NN genotype. 
Porcine Somatotropin 
Introduction 
Growth hormone is essential for enhancing linear growth and parti­
tioning absorbed nutrients into muscle and adipose tissues. In 1922, a 
substance originating from the anterior pituitary gland was found to 
improve the growth rate of rats (Evans and Long, 1922). Lee and Schaffer 
(1934) found an extract from the bovine pituitary also increased weight 
gain in rata and changed the composition of the gain by increasing muscle 
mass and decreasing fat accumulation. Based on preceding observations, 
purified anterior pituitary extractions of porcine somatotropin (pST) 
were administered initially to swine by Turman and Andrews (1955). These 
researchers observed an improvement in feed efficiency and significantly 
more protein and moisture and less fat in carcasses of treated animals. 
Machlin (1972) demonstrated daily injections of anterior pituitary-
derived pST improved feed conversion, average daily gain and carcass 
composition in pigs treated from 47 to 95 kg. Commercial application of 
these findings was hindered due to unavailability of pituitary glands 
from slaughtered pigs and the cost associated with purification process. 
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However, advancements in biotechnology and specifically recombinant DMA 
technology permitted mass production of a species specific, biologically 
active, recombinantly-derived pST (Seeburg et al., 1988) to resolve this 
dilemma. 
Animal growth is regulated by the endocrine system and is influenced 
by genotype, environment and nutrition. The hormones involved in growth 
and development include growth hormone, insulin, thyroid hormones, 
glucocorticoids, prolactin and gonadal steroids (androgens and estrogens) 
(Leung, 1988). Growth hormone or somatotropin is generally considered 
the most important hormone affecting animal growth. Porcine somatotropin 
is a complex peptide consisting of 191 amino acids and two disulfide 
bonds which is synthesized and stored (5-15 mg) in the anterior pituitary 
gland (Beitz, 1989). Secretion is controlled by both stimulatory 
(somatotropin releasing factor) and inhibitory (somatostatin) factors 
originating from the hypothalamus and controlled by the central nervous 
system. Somatotropin is secreted in a pulsatile pattern ranging from 
baseline values (2 ng/ml) to peak values (7 ng/ml) occurring three to 
five times daily (Bechtel, 1987). The actions of pST on growth are 
mediated by metabolic and somatogenic mechanisms. 
Metabolic effects 
Accretion of adipose tissue is a function of differing rates of 
adipocyte enlargement (Etherton and Kensinger, 1984). The magnitude of 
adipocyte enlargement rests on relative rates of triglyceride synthesis 
(lipogenesis) and degradation (lipolysis). Researchers have consistently 
27 
found exogenous administration of either pituitary-derived or recom-
binantly derived pST restricted adipose tissue growth in swine (Machlin, 
1972; Btherton et al., 1986, 1987; Evock et al., 1988). It has been 
hypothesized that pST-mediated decrease in lipid deposition results from 
significant reduction in glucose uptake and lipid synthesis in adipocytes 
and altered sensitivity to stimulatory effects of insulin on glucose 
uptake and lipid synthesis (Etherton and Smith, 1991). Etherton (1989) 
reported a daily lipid deposition of 180 to 280 g/d in adipose tissue for 
growing pigs weighing 50 to 90 kg. Hood and Allen (1973) postulated most 
lipid deposition (80%) resulted from de novo synthesis due to generally 
low (3%) fat content of swine diets. The primary carbon source for de 
novo synthesis is glucose (O'Hea and Leveille, 1969). Dunshea et al. 
(1989) reported approximately 25 to 40% of whole-body glucose uptake was 
utilized by adipose tissue for lipid synthesis. Consequently, research 
has focused on the mechanism by which pST redirects glucose away from 
adipose tissue. 
Walton and Etherton (1986) cultured porcine adipose tissue in 
presence of pST and determined adipose tissue is highly sensitive to 
insulin and pST directly antagonized insulin-stimulated glucose metabo­
lism by insulin. In vivo glucose incorporation into lipid was used to 
evaluate effects of pST on lipogenesis by Dunshea et al. (1989). They 
found pST inhibited glucose incorporation into both fatty acids and 
triglyceride glycerol. They further noted that the preformed fatty acids 
were the primary precursors for the limited triglyceride synthesis in 
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pST-treated pigs. Therefore, adipose tissue is the site at which pST 
reduces glucose uptake. 
Administration of pST also alters sensitivity of adipocytes to 
insulin. Chung et al. (1985) observed increased plasma concentrations of 
insulin, glucose and fatty acids in pST-treated pigs and suggested 
presence of an insulin-resistant state. Gopinath and Etherton (1989a) 
concluded that the chronic administration of pST was diabetogenic in pigs 
as significant hyperglycemia and hyperinsulinemia resulted under fed and 
fasted conditions. Porcine ST reduces glucose uptake (Boyd and Bauman, 
1989) and impairs insulin tolerance in chronically but not acutely pST-
treated animals (Gopinath and Etherton, 1989a,b). Kerber et al. (1991) 
found insulin resistance to be fully expressed within 18 h of initial pST 
treatment. The level at which the insulin blockade occurs has not been 
determined. Insulin insensitivity is not associated with changes in 
insulin binding sites or insulin receptor tyrosine kinase activity in 
porcine adipocytes (Hagri et al., 1990). Recently, Louveau et al. (1991) 
established a glucose transporter protein, GLUT4, accounted for 90% of 
the total glucose transport proteins and is translocated via insulin 
stimulation. Authors concluded pST reduces glucose transport by decreas­
ing GLUT4mRNA levels and by inducing insulin insensitivity and subsequent 
inability of insulin to regulate GLUT4 gene transcription. 
Lipolytic effects of somatotropin were determined to be minimal and 
not responsible for observed reduction in lipid accretion (Etherton and 
Smith, 1991). ' Lipolysis was not stimulated in porcine adipose tissue or 
adipocytes when treated with pST (Etherton et al., 1989). Duquette et 
29 
al. (1984) found ovine GH stimulated lipolysia in rat adipose tissue and 
adipocytes, but had no effect on lipolysis within same two components of 
the ovine. In addition, GH increased lipolysis in rat adipocytes in 
studies by Katocs et al. (1973) and Wieser et al. (1974). However, 
Duquette et al. (1984) discounted lipolytic response observed in the two 
studies due to possibility of anterior pituitary contaminants. 
Somatogenic effects 
The second pathway for pST action is indirect and results from 
stimulation of the liver to synthesize and secrete insulin-like growth 
factors into the blood. The two predominant growth factors are IGF-I 
(somatomedin C) and IGF-II (neutral somatomedin) which have been purified 
from plasma and share homology with insulin (Rinderknecht and Humbel, 
1978; Schalch et al., 1979). IGF-I and IGF-II are single chain peptides 
consisting of 70 and 67 amino acids, respectively (Bechtel, 1987). IGF-
II plays an important role in fetal growth but has a minimal effect on 
postnatal growth (Gluckman and Butler, 1983; Rotwein et al, 1987). IFG-I 
concentrations are regulated by ST in a dose-dependent manner (Btherton 
et al, 1987; Evock et al., 1988). Exogenous daily administration of pST 
maximized serum IGF-I within one to two d following initial injection 
(Walton and Etherton, 1989). IGF-I attaches to binding proteins (BP), 
150 k-Da IGFBP (70-80%) and 40 k-Da IGFBP, is transported to target 
tissues and binds to cell surface receptors (Beitz et al., 1989; Evock et 
al., 1990). The large molecular weight IGFBP increases in concentration 
in response to exogenous pST administration and subsequent IGF-I release. 
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Thus, the 150 k-Da I6FBP is an important regulator of the IFG-I function 
(Walton and Etherton, 1989). IGF receptors have been found in liver, 
cartilage, and muscle (Daughaday, 1982). In cartilage, ST initiated IGF-
I release stimulates chondrogenesis and therefore directly increases 
longitudinal bone growth (Isaksson et al., 1988). In muscle, IGF-I 
mediates ST signal at target cell level by stimulating satellite cell 
proliferation and enhancing muscle growth (Allen and Boxhorn, 1989). 
Satellite cells are located between sarcolemma and basement membrane of 
muscle fibers and possess ability to synthesize DMA, differentiate and 
fuse into adjacent fibers (Moss and Leblond, 1971). IGF-I has been shown 
to increase satellite cell proliferation in cell culture (Dodson et al., 
1985) but pST does not (Ewton and Florini, 1980). Evock et al. (1990) 
found ST treatment increased DNA content of muscles. In addition, they 
observed elevated mRNA:DNA ratios in longissimus dorsi but not in 
semimembranosus muscle suggesting compositional differences within 
individual muscles. Although IGF-I mediates ST actions, Clemmons et al. 
(1987) proposed that ST is up to 15 times more potent stimulator of 
growth than IGF-I. 
Supplementation with ST indirectly affects muscle growth through 
stimulated IGF-I release from the liver. The effect of ST on the liver 
was determined to be additive because chronic treatment of liver mem­
branes with pST resulted in increased binding of ST and increased 
synthesis and secretion of IGF-I (Chung and Etherton, 1986). In addi­
tion, it has been observed that ST concomitantly increases IGF binding 
proteins (Zapf et al., 1986). The resultant increase in peptides 
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enhances hypertrophy and hyperplasia within muscle cells. A decrease in 
blood urea nitrogen associated with pST treatment reflects greater 
efficiency of amino acid utilization for protein deposition and reduced 
oxidation of amino acids. In tissue culture, I6F-I has a stimulatory 
effect on protein synthesis and in inhibitory effect on myofibrillar 
protein degradation (Ewton and Florini, 1980). Consequently, ST increas­
es protein synthesis via endocrine channels by elevating concentration of 
IGF-I in circulating plasma. ST causes generalized growth of protein-
aceous tissues (Boyd et al., 1986; Evock et al., 1988) including skin, 
bone, cartilage, and organs (Spencer, 1985). Hadsen et al. (1983) 
reported evidence for autocrine mechanism of IGF-I action as specific ST 
binding sites exist on chondrocytes and stimulate local production of 
IGF-I. Murphy et al. (1987) identified a number of rat tissues express­
ing IFG-I gene. 
Effects on growth performance and carcass composition 
It is well documented in the literature that either pituitary-
derived (ppST) or bacterially synthesized (rpST) porcine somatotropin 
improves growth performance, feed efficiency and carcass characteristics 
of growing swine (Hachlin et al, 1972; Chung et al., 1985; Etherton et 
al, 1986, 1987; Evock et al., 1988; Campbell et al, 1989a,b; McLaughlin 
et al., 1989; McLaren et al., 1990; and Bryan et al., 1989, 1990a, 1991). 
An initial study by Machlin et al. (1972) reported purified porcine 
pituitary extracts injected daily improved average daily gain, feed 
conversion and measures of lean mass. The advent of recombinant DNA 
technology coupled with findings of this study provided impetus for close 
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evaluation of bacterlally synthesized somatotropin for numerous param­
eters related to biological potency, optimal dosage, and method of 
delivery. In addition, interactions of pST with carcass composition, 
muscle quality, nutrition, environment, sex, and genotype were also 
evaluated. 
Biological potency of recombinantlv derived somatotropin 
Two studies (Ivy et al., 1986; Evock et al., 1988) demonstrated 
equipotency between ppST and rpST in terms of improved growth, feed 
efficiency and muscle accretion responses. Evock et al. (1988) noted 
rpST was less potent than ppST in altering adipose tissue accretion, but 
otherwise mimicked biological actions of the naturally-occurring ppST. 
McLaren et al. (1990) further noted response curves for average daily 
gain and feed intake were similar for both ppST and rpST. Etherton et 
al. (1986) evaluated human growth hormone releasing factor (hGRF) and pST 
on growth performance of pigs and found hGRF elicited pST release in 
dose-dependent manner but did not alter growth rate, carcass lipid and 
muscle mass as markedly as exogenous pST. Johnson et al. (1989a,b) 
confirmed dose-related response to hGRF and suggested that higher doses 
of hGRF improved performance equivalent to pST. Du et al. (1991) 
conducted a study to determine if active immunization against somato­
statin (SRIF), ST inhibitor, would influence pST secretion in Yorkshire 
gilts weighing approximately 8 kg. Initial SRIF injection was followed 
by three booster injections at tv;o wk intervals. Authors observed no 
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differences for growth rate, feed efficiency, pST baseline or peak values 
or number of peaks within 24 h between SRIF-treated and control animals. 
Optimal dosage 
Boyd and co-workers (1986) compared 0, 30, 60, 120, and 200 pg pST • 
kg • d and found maximal rate of gain at 60 pg, maximal carcass lean 
at 120 to 200 ijg and minimal fat at 200 /tig. A study by Ivy et al. (1986) 
injected 50 kg Large White barrows daily with 0, 1, 2, 4, and 8 mg of 
pST. Rate of gain peaked with 4 mg dosage; whereas, feed conversion, fat 
depth and loin eye area improved in a linear manner from 0 to 8 mg pST. 
Etherton et al. (1987) also demonstrated that responses to pST levels of 
-1 -1 
0, 10, 30 and 70 pg * kg « d were dose related as feed efficiency 
increased and carcass lipid decreased in linear manners. They, hypothe­
sized that maximally effective dose for growth and carcass enhancement 
was greater than 70 fug • pig ^ • d ^ since feed efficiency and percentage 
carcass protein/lipid ratio had not plateaued in their study. Exponen­
tial regression models were used by McLaren et al. (1990) to elucidate 
dose-response relationships of 1.5, 3.0, 6.0 and 9.0 mg • pig""^ • d~^ of 
either ppST and rpST from 57 to 103.5 kg live weight. They predicted 6.0 
mg • pig • d achieved 95% of maximal response for days to 103.5 kg 
and feed conversion. The 6.0 mg dosage should result in 20% faster 
growth, 11.6 fewer days to market weight, 19% reduction in feed consump­
tion and 36% more gain : feed efficient relative to controls (McLaren et 
al, 1990). 
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Mode of delivery 
Evock and colleagues (1991) determined that time of daily injection 
(0800 or 1800) of rpST had no significant effect for any measure of 
growth performance or body composition. Bryan et al. (1991) concluded 
that daily rpST administration at rates of 70 fig • kg of body weight 
adjusted every five d versus a constant does of 70 jug • kg ^ of initial 
body weight resulted in comparable responses for growth and efficiency. 
Consequently, the gradual reduction of rpST delivered per kg of body 
weight due to animal growth did not adversely affect magnitude of 
results. 
Smith and Kasson (1990) injected rpST daily into pigs of 30 to 60 kg 
body weight and terminated treatment at 60 kg to evaluate carryover 
effects of treatment to 110 kg. Growth, feed efficiency and carcass 
quality were improved during treatment period, however, rpST-induced 
advantages diminished within 10 d and reverted to control levels by 70 d. 
Twenty-eight barrows were treated with 0 and 100 pg # kg ^ # d"^ with 
ppST between 30 and 60 kg by Campbell et al. (1989) to evaluate subse­
quent effects on pigs grown to 90 kg. The stimulatory effects observed 
during treatment were maintained to varying degrees post-treatment as 
improved rate and efficiency of gain and improved carcass protein and fat 
were sustained. However, fat accretion during post-injection period was 
similar for both treated and control animals. Likewise, Solomon et al. 
(1991) treated barrows with identical protocol to that of Campbell et al. 
(1989) and found pST-enhanced muscle growth was sustained post-treatment. 
Consequently, pST-influenced growth and repartitioning advantages for 30 
35 
to 60 kg treatment period were partially maintained at 90 kg but not at 
110 kg slaughter weights. 
One of the initial questions with prolonged treatment with GRF or 
pST concerned development of resistance to the exogenously administered 
compounds. Etherton et al. (1986) reported no apparent refractoriness of 
the anterior pituitary with chronic GRF treatment for 30 d. Results of 
Kraft and Hart (1991) with subcutaneous infusion of GRF at 0, 50, 100, 
200, 400, 500, and 1000 ng • kg ^ • h ^ or pST at 125 and 250 jug • h ^ 
found hourly administration did not alter ST episodic release pattern, 
whereas continuous infusion elevated ST continuously without presence of 
— 1 *""1 
peaks. Subcutaneous infusion of 200 to 1000 ng • kg # h GRF in­
creased ST concentration but not at the magnitude observed with two 
levels of pST infusion. Levels of ST declined 25% with both GRF and pST 
infusions at end of treatment period and resulted from decreased absorp­
tion at infusion sites. 
The mode of ST delivery has been evaluated by numerous researchers. 
Bryan and co-workers (1990a) allotted gilts to control (C), 2.5 or 5 mg 
pST daily injection (D) or 2.5 or 5 mg pST daily on alternate wk (I) for 
28 d period. Treatment with pST improved growth, feed conversion, and 
carcass traits of all gilts; however, body weight on d 14 through 31 and 
loin muscle areas were greater for D vs I. In a second study by Bryan et 
al. (1990b), gilts received 5 mg pST daily on alternate wk (odd weeks 1, 
3, 5, 9 or even weeks 2, 4, 6) for 42 d. Average daily gain and feed 
efficiency improved during weeks of treatment and the magnitude of the 
difference between treated and nontreated wk increased as the study 
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progressed. No differences were observed between treatments for growth, 
efficiency and carcass traits at end of study. Bvock and Steele (1991) 
-1 -1 looked at frequency of rpST administration of 0, 60 /ug • kg • d 
**1 ""1 ""1 ""1 daily, 120 /ug • kg • d every other day or 240 /ig • kg • d every 
fourth d on crossbred barrows started at 35 kg and treated for seven to 
-1 
eight wk. They found a frequency-dependent response of 60 pg • kg • 
""1 
d provided optimal results and suggested maximal benefit derived from 
delivery mode mimicking a daily surge of pST. 
The desire to determine an easier mode of administration than daily 
injections has initiated several studies to compare daily injections to 
sustained-release implants. A study in the Netherlands by Fentener van 
Vlissingen et al. (1990) investigated three rpST dosage schedules 
including constant (4 mg * hd • d ) increasing, (2 to 6 mg • hd • 
-1 -1 -1 d ) or decreasing (6 to 2 mg • hd • d ) to a placebo control for 
Dutch Yorkshire x Dutch Landrace barrows treated from 60 to 105 kg. They 
proposed the decreasing mode of administration would mimic the dosage 
released by sustained-release implants. Only minor differences were 
detected between dosage schedules with constant rpST dosage resulting in 
slight advantage in feed:gain and lean:fat percentages over two alterna­
tive delivery schedules. Knight et al. (1991) utilized a pelleted form 
of pST at 0, 12, 24, 36, or 48 mg • wk ^ for pigs weighing 68 to 73 kg at 
the outset of study. The maximally effective doses for feed:gain 
improvement were between 24 and 36 mg • wk Feed:gain and percent 
carcass protein improved with weekly pST implant but average daily gain 
was unaffected. A recent study by Buonomo et al. (1991) compared daily 
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Injection (DI) to sustained release Implant (pST-SR) of levels 0, 2, or 4 
-1 -1 
mg pST • hd • d on 65 kg genetically obese barrows. Feed efficiency 
was Improved to a greater extent and trends for greater Increase In 
average dally gain and reduction In backfat thickness were noted for 01 
than pST-SR pigs. The pST-SR implants elevated circulating pST concen­
trations throughout 42-d study with peak values at d 7. Kllndt et al. 
(1991) in a similar study to Buonomo et al. (1991) used pST-SR Implants 
in barrows and gilts of genetically-lean and obese genotypes. Average 
dally gain was not influenced by treatment but feed consumption was 
reduced and overall efficiency increased. Loin eye area Increased and 
backfat decreased in dose-dependent manner. Consequently, both Buonomo 
et al. (1991) and Kllndt et al. (1991) concluded pST-SR improved effi­
ciency and composition of gain and was an effective mode of pST adminis­
tration. 
Nutritional requirements 
The reduction in voluntary feed intake and increase in protein 
accretion observed with rpST treatment has led researchers to investigate 
the nutritional needs, specifically dietary crude protein and amino 
acids, of animals receiving the repartitioning agent. Caperna et al. 
(1990) compared 11, 15, 19, 23, and 27% crude protein diets, each 
containing the same amount of lysine (1.8 to 2.0%), for pigs starting at 
30 kg and fed approximately 80% ad libitum. The influence of rpST was 
relatively small at the 11% crude protein level and increased in magni­
tude with higher protein concentrations. However, level of response was 
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independent of percentage protein levels as maximal protein accretion 
occurred at 15% protein. The authors concluded that with lysine unlimit-
ing, high-protein diets were not necessary to obtain growth stimulation 
via rpST. In a subsequent publication on the same study, Caperna et al. 
(1991) reported a linear decrease in fat accretion for control and 
treated pigs with increasing protein intake. Recombinant pST reduced fat 
34% and improved dietary protein utilization by 66%. Newcomb and co­
workers (1988) noted crossbred pigs injected daily with 3 mg rpST from 60 
to 100 kg and fed diets of 14, 17, 20, 23 or 26% crude protein achieved 
maximum growth and efficiency of gain at 20 to 23% protein. Loin eye 
area increased while backfat thickness and feed intake decreased with 
increasing protein content of diet. Beermann et al. (1990a) evaluated 
—1 —1 
effects of dietary amino acids on pigs receiving 150 pg • kg • d from 
20 to 60 kg live weight. Feed consumed was reduced by 10.8% for the 
period and daily intake was suppressed by 5.5%. They determined rpST 
improved efficiency of protein utilization, did not alter daily protein 
requirement, and proposed a daily lysine requirement of 24 g. Smith and 
Kasson (1991) examined the interrelationship between dietary crude 
protein and rpST on traits measured in crossbred Yorkshire pigs during a 
55 to 110 kg finishing period. Either 0, 15, 30, 60, or 120 lug of rpST • 
-1 -1 
kg • d was administered in conjunction with diets of 12, 18, or 24% 
crude protein. All levels of rpST improved growth and carcass traits and 
authors suggested crude protein in diet should exceed 14% to optimize 
growth and efficiency of treated animals. 
Several of the aforementioned studies identified lysine as critical 
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component in effectiveness of pST. Dietary lysine is critical because it 
is indispensable and the first limiting amino acid in conventional corn-
soybean swine diets (Boyd et al., 1991). Goodband et al. (1990) treated 
72 finishing pigs (initial weight - 57 kg) with 4 mg rpST and fed corn-
sesame meal diets containing .6, .8, 1.0, 1.2, or 1.4% lysine. Break­
point analysis determined optimal daily gain, optimal feed conversion and 
maximal longissimus muscle area to occur at 1.19, 1.22 and 1.11% lysine, 
respectively. Dietary lysine did not influence backfat thickness. 
Consequently, authors suggested 1.0 to 1.2% lysine (daily intake of 25 to 
30 g) to optimize results with pigs receiving 4 mg rpST daily. Andres 
and Cline (1989) utilized 55 to 82 kg barrows injected daily for 21 d 
with 4 mg rpST to determine lysine requirements of as fed diets contain­
ing .84, 1.00, 1.16, and 1.32% lysine. Feed efficiency and average daily 
gain were not significantly affected by lysine level, but gain was 
optimized at 1.16% and efficiency at .84% lysine. Consequently, their 
data suggested a dietary lysine requirement of 1.0 to 1.16%. 
Krick and co-workers (1990a) investigated lysine requirement of 
growing pigs from 20 to 60 kg live weight treated with 0 or 150 ( j g  of 
*""1 "1 
rpST « kg # d Treated pigs reached 60 kg 5 d sooner and required 
10.8% less feed than controls. Dose response curves for lysine require­
ment revealed 23.4 g/d for controls and 24.0 g/d for rpST-treated pigs 
maximized efficiency of gain. Krick et al. (1990b) also evaluated the 
lysine requirement of a fast growing swine genotype from 55 to 100 kg 
live weight. Growth rate and efficiency were improved 17 and 35%, 
respectively, with adequate dietary lysine. Dose response curves 
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suggested minimum daily lysine intake of 31 g for controls and 35.5 g for 
treated animals. The authors concluded increased efficiency of absorp­
tion and utilization of amino acids for protein deposition in rpST-
treated pigs accounted for their growth advantage with only a slightly 
higher lysine requirement than controls. Consequently, studies evaluat­
ing protein and lysine requirements conclude a lysine level of 1.0 to 
1.2% combined with crude protein content of 15 to 16% would achieve 
desired results in rpST-treated pigs. 
Effect on thermoneutral zone 
Thermoregulation of a pig's body depends on thermal insulation and 
heat production rate and both are affected by pST. Thermoregulation 
changes associated with ST have been postulated by Curtis (1989). He 
calculated that the combination of decreased subcutaneous fat (50%) and 
increased heat production (17 to 24%) observed with pST administration 
would reduce the lower critical temperature by 6oC. Curtis (1989) also 
suggested a reduction in upper critical temperature of a few degrees with 
pST-treatment. Verstegen et al. (1990) reported breed-dependent increas­
es in heat production of 4 to 10% for pST-treated vs control pigs. 
Knight and co-workers (1990) found nonsignificant increases in heat 
production of 8% for pigs housed in thermoneutral zone and 6.5% for pigs 
housed in a heat-stress environment. The heat stress did not reduce pST-
induced changes in fat accretion or feed efficiency or impair pigs' 
ability to increase respiratory rate under heat stress. 
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Interaction with sex of pio 
Known differences exist between boars, barrows, and gilts for growth 
and carcass composition and can be attributed to the innate differences 
in endocrine mechanisms. Since exogenously administered pST affects 
these same traits, several scientists have evaluated the possible sex by 
pST-treatment interactions. Campbell et al. (1989a) treated boars, 
barrows and gilts with average initial weight of 60 kg with either 0 or 
•"1 ""1 
100 jL/g • kg • d for a 31-d period. Among controls, expected differ­
ences were noted as boars were the fastest growing, most efficient and 
produced carcasses with the highest lean to fat ratio, whereas barrows 
were the least efficient and fattest at slaughter. The sex effect 
differences were minimized by pST as differences in rate and efficiency 
were eliminated. Differential responses to pST occurred as pST increased 
growth rates by 13, 22, and 16%, improved feed efficiencies by 19, 34, 
and 32%, and reduced carcass fat by 22, 36 and 33% for boars, gilts and 
barrows, respectively. A further study by Campbell and co-workers (1990) 
utilized intact males and females from two strains to receive placebo or 
""1 ""X 
.1 mg pST * kg • d from 60 to 90 kg live weight. As observed in 
previous study, pST-elicited improvements in feed:gain and carcass fat 
were proportionately larger for gilts than boars. Kanis et al. (1990b) 
also noted similar results in study of 32 boars, 32 barrows and 32 gilts 
treated daily from 60 to 110 kg with 0 or 4 mg rpST. Barrows exhibited 
considerably greater improvement in feed conversion, backfat thickness 
and percentage lean than boars and gilts. Consequently, data from the 
three studies suggested pST and androgens were not additive in effects on 
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growth and carcass composition. Therefore, ST appears to greatly 
diminish Inherent sex differences in performance. 
Interaction with various genotypes 
Several experiments have investigated possible pST by genotype 
interactions to determine if specific breeds, breed crosses, or lines 
exist which respond more favorably to somatotropin challenge. Nossaman 
and colleagues (1989) evaluated 80 crossbred pigs of two genotypes, 
Hampshire (H) x Yorkshire (Y) and Yorkshire x Landrace (L), receiving 0 
or 5 mg rpST and fed one of four diets varying in energy levels but 
maintaining constant protein level. Somatotropin improved daily gain 
(33%), feedigain (28%), and lean gain (37%) across genotypes. However, a 
genotype x rpSt treatment interaction resulted for daily lean tissue gain 
with greater response to rpST in HxY (34.8% improvement) than YxL (20.5% 
improvement) compared with respective controls. Lean gain was dependent 
on energy intake and limited energy intake was most detrimental on 
genotype HxY which excelled in lean growth. Feed efficiency improvements 
with rpST were similar for two genotypes. Carcass lean also increased in 
comparable manner for both crosses, 51.8 to 54.7% for YxL and 55.1 to 
59.9% for HxY. Shoup et al. (1990) treated 92 barrows for the last 48 kg 
of weight gain to two endpoints, 106 and 127 kg, with 0 or 4 mg * kg ^ » 
-1 
d . Three genotypes were represented in the study including Hampshlre-
Ouroc X (Yorkshire-Landrace x Yorkshire-Duroc) (G^), terminal sire 
synthetic (6^) and Yorkshire x Chester (G^) and each genotype received a 
21.33% crude protein diet (1.43% lysine) ad libitum. Treatment improved 
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average dally gain, feed efficiency, tenth-rib backfat depth and loin eye 
area in an additive manner among genetic lines and slaughter weights. A 
line X rpST-treatment interaction for average daily gain resulted from 
greater improvement in the slowest growing genotype (6^) for this trait. 
Shoup and co-workers (1991a,b) further reported lean gain per day and 
standardized lean cuts showed additive improvement among genotypes with 
rpST. 
Bark and co-workers (1989) utilized barrows from two genotypes 
differing in capacities for lean tissue growth, moderate and high, to 
elucidate response to 0 or 70 fig rpST • kg from 23 to 115 kg. Pigs were 
fed ad libitum a 22.1% crude protein (1.45% lysine) corn-soybean diet. 
High lean growth genotype grew faster, more efficiently and yielded 
carcasses with more muscle and less backfat. Somatotropin improved 
growth and carcass characteristics by similar magnitudes in both geno­
types. A genotype x treatment interaction was found for feed:lean tissue 
gain with greater improvement in moderate- vs high-lean growth types. 
Bark et al. (1990) further reported results of physical dissection and 
rpST increased muscle, skin, and bone weights and depressed fat accretion 
in a comparable manner in both genotypes. The moderate line receiving 
rpST produced carcasses with 28% more kg of muscle and 39% less kg fat, 
whereas high line carcasses yielded 24% more kg of lean and 61% less fat 
than respective controls. As expected, the high-lean growth genotype 
possessed greater weight of muscle, skin and bone and less fat than the 
moderate type. 
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Campbell and co-workers (1990) evaluated response of 60 crossbred 
(Large White x Landrace) boars and gilts of fast and slow growth geno-
••X ""X 
types. Pigs received 0 or 100 /jg ppST # kg • d from 60 to 90 kg. 
Among boars, the fast-growth genotype excelled the slow-growth line in 
average daily gain, 1177 versus 992 g/day, respectively. Similar results 
were observed in gilts, 894 g/d for treated vs 734 g/d in control group. 
The main effects of ppST treatment and genotype were significant for 
growth rate, feed efficiency, protein deposition, and carcass fat 
content. The magnitude of change elicited by ppST for the four traits 
was independent of strain. Fast-growing gilts (boars) surpassed respec­
tive controls for growth rate, 40% (29%), feed efficiency, 39% (30%) and 
backfat reduction, 34% (23%). Improvements with ppST were similar within 
slow-growth gilts (boars) and were superior to controls by 47% (30%) for 
daily gain, 41% (37%) for feed conversion, and 31% (23%) for backfat 
depth. Consequently, the advantages in performance and carcass merit of 
fast growth genotype were maintained with ppST. 
Kanis et al. (1990a) reported results of an experiment with Durocs, 
Pietrains and Yorkshire x Dutch Landrace crosses injected twice weekly 
with 0 or 14 mg rpst starting at 60 kg and fed an 18.2% protein diet. 
Advantages from rpST were observed for daily gain, feed conversion, and 
lean tissue growth for the three treatment periods; 60 to 100 kg, 100 to 
140 kg and 60 to 140 kg. Genotype x treatment interaction was signifi­
cant for backfat thickness at both 100 and 140 kg endpoints and for 
growth performance from 60 to 140 kg. Durocs, the fatter genotype, had 
greater backfat reduction with rpST compared with controls at both 100 kg 
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(21%) and 140 kg (28%) than decreases found for crosses, 13% and 20%, 
and Pietralns, 7% and 18%, for the two slaughter weights, respectively. 
Daily gains to 140 kg in crosses and Pietrains were increased by a 
greater magnitude (17 and 19%, respectively) with rpST treatment than in 
Durocs (1%) treated to the same weight. The authors concluded maximal 
response to rpST in lean tissue growth rate differed by genotype and sex 
for 60 to 100 kg and 100 to 140 kg treatment periods. The trend for 
greater rpST-elicited response in lean growth was found in fatter 
animals, Durocs and barrows, while tendency for lean growth advantage in 
100 to 140 kg period was observed in leaner animals, Pietrains, F^ 
crosses and gilts. 
Fabry et al. (1991) evaluated 1.5, 3.0 or 6.0 mg rpST » d on Belgian 
Landrace pigs from 60 to 97.5 kg live weight. Pigs were fed ad libitum a 
high-protein (20.4% CP) diet. Recombinant pST increased growth rate 
(16.3 to 25.4%) and improved feed:gain (16.9 to 29.4%). Belgian Landrace 
have been selected for superior carcass composition; nonetheless, rpST 
further reduced backfat (10 to 50%), increased longissimus muscle area 
(10 to 20%) and improved lean:fat ratio (11 to 24%). The authors 
concluded that rpST enhanced growth and carcass merit of a genetically 
lean, muscular swine breed. 
Yen and co-workers (1990) evaluated genetically obese and lean pigs 
for response to rpST. Pigs started on experiment at 58 kg and were 
treated with 0, 2.0, and 4.0 mg rpst daily for 6 wk. A genotype x 
treatment dose interaction was detected for backfat thickness. This 
resulted from obese pigs responding with a greater rpST-induced reduction 
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in backfat relative to controls than was observed for lean-line animals. 
In addition, the leanest pigs, the lean-line gilts, tended to respond 
less to rpST administration than others. 
The native Chinese breeds are noted for large litter size, specific 
disease resistance and muscle quality but are inferior to U.S. breeds in 
growth performance and carcass composition. Thus, researchers have 
evaluated the response of Chinese breeds to the repartitioning effect of 
pST. Bidanel et al. (1991) reported results for lean growth by treating 
two genotypes (Pietrain and Chinese Heishan) and one intermediate 
genotype (50% Pietrain, 37.5% Large White, 12.5% Meishan) with daily 
injections of 0 or 6 mg rpST from 60 to 100 kg. Significant genotype x 
treatment interaction prevailed for backfat thickness and percent carcass 
muscle. Treatment with rpST decreased backfat thickness 6.2, 9.6, and 
16.1 mm and increased carcass muscle 3.0, 6.8, and 11.8% in the Pietrain, 
crossbred, and Meishan genotypes, respectively. Feed conversion tended 
to improve to a greater extent in Meishan than in the other two geno­
types. The authors concluded that rpST-improvements in feed efficiency, 
backfat thickness, and carcass composition were more pronounced in 
Meishan, the least efficient and fattest genotype. 
The Meishan breed was evaluated by van der Stein and co-workers 
(1989) for response to 40 mg rpST injected twice weekly between 40 and 90 
kg. Treatment responses included increased daily gain (18%), improved 
feed conversion (17%), increased carcass lean (16%) and reduced backfat 
(30%) relative to the placebo group. McLaughlin et al. (1989) reported 
the effects of 28-d daily injection of 0, 2 or 4 mg rpST on Beijing Black 
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hogs starting at 68 kg average initial weight. Beijing Black is a com­
posite of Chinese, Berkshire and Yorkshire breeds, is not hyperprolific 
but exhibits poorer performance and carcass characteristics than U.S. 
breeds. Somatotropin favorably Influenced feed efficiency (31%), daily 
growth (30%), carcass backfat (11%), loin eye area (12%) and carcass lean 
(6%) of this breed. In summary, response of Chinese breeds to somato­
tropin appear at least comparable to those obtained in U.S. breeds; 
however, no researchers have utilized both Chinese and U.S. breeds in 
same study to determine possible genotype x treatment interactions. 
Effect on qualitative carcass traits 
Somatotropin has proven efficacious in altering quantitative 
lean:fat characteristics of carcasses and has subsequently increased the 
interest of researchers in assessing its effect on the qualitative 
carcass traits. Supplementation of somatotropin during growth has 
generally reduced intramuscular fat content of the longissimus muscle 
(Novakofski, 1987; Beermann et al., 1988; Evock et al., 1988; Prusa et 
al., 1989a; Lentsch et al., 1990; Bidanel et al., 1991). Beermann and 
co-workers (1988) found longissimus muscle lipid concentration declined 
—1 -1 in a dose-dependent linear manner from 2.02% at 30 / j g  rpST * kg • d 
to .74% at 90 fjg dosage. Furthermore, a similar pattern of reduction in 
longissimus fat content was reported by Lentsch et al. (1990) who found 
2.9, 2.5 and 1.8% fat in samples from treatment levels of 0, 4, and 8 mg 
rpST daily, respectively. These findings are in disagreement with 
studies by Chung et al. (1985) and Prusa et al. (1989b) who found a 50% 
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increase and no change, respectively, in longissimus fat content with 
rpST. Prusa (1989) hypothesized that free fatty acids were perhaps 
trapped in the cell and therefore increased fat content under zero-d 
withdrawal regimen of his study. Fabry and co-workers (1991) found no 
reduction in longissimus lipid concentration with rpST in Belgian 
Landrace, a breed with low inherent marbling, with levels of marbling 
from 1.19 to 1.26%. Studies have generally noted a low relationship 
between intramuscular fat and pork tenderness (Saffle and Bratzler, 1959; 
Kauffman et al., 1964; Davis et al., 1975; DeVol et al., 1988). Davis et 
al. (1975) recommended a 3.5 to 4.5% marbling level to ensure pork 
palatability. In a more recent study, DeVol et al. (1988) suggested a 
threshold value of 2.5 to 3.0% intramuscular fat, below which significant 
toughness was encountered. DeVol and co-workers (1988) also noted fat 
percentages above 3.0% had minimal effect on product tenderness. In 
conclusion, ST has been shown to decrease intramuscular fat content and 
thus palatability of product becomes of concern when values drop below 
2.5%. 
In numerous studies, muscle color was not visually altered due to 
somatotropin administration (Evock et al., 1988; Ender et al., 1989; 
McLaughlin et al., 1989; Beerman et al., 1990b; Miller et al., 1991; 
Fabry et al., 1991). Nevertheless, differences were observed in specific 
color measurements in certain studies. Miller et al. (1991) reported 
increased b* values of Hunter L*a*b* system for rpST vs control at 18 h 
postmortem which suggested an improved muscle color score. Pommier et 
al. (1990) found significant hGRF effects on Hunter a* values indicative 
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of brighter red color with treatment. They proposed that the color 
change reflected a reduction in pigment content due to increased water 
content of muscle. Kanis and colleagues (1988), however, noted a less 
intense red color of lean tissue with rpST treatment. Gardner "Rd" 
values measured by Beermann et al. (1990b) were increased suggesting 
darker color while "a" values decreased indicating less redness of lean 
color with rpST supplementation. 
Muscle texture declined under 70 f j g  • kg ppST and 140 ( j g  • kg rpST 
in study by Evock and co-workers (1988). Solomon et al. (1991) found 
change in the quantity of individual fiber types with rpST. Somatotropin 
increased muscle fiber area for each of three fiber types, a red, red, 
and a white. Furthermore, all treated pigs possessed hypertrophied 
(giant) fibers and 62% exhibited pale, soft and exudative (PSE) muscle. 
Mircheva and Vitanov (1987) reported linkage of giant muscle fibers with 
porcine stress susceptibility and PSE. In an earlier study, Solomon et 
al. (1990) observed rpST-PSE association in two of six boars, two of six 
barrows and one of six gilts. Beermann et al. (1990b) also found ST 
increased area of a red and a white fibers by 15 to 16% in semitendinosus 
muscle. In contrast to findings of Solomon et al. (1990, 1991), other 
researchers have not observed an increased incidence of PSE with somato­
tropin supplementation (Ender et al., 1989; McLaughlin, 1989; Beermann et 
al., 1990b; Miller et al., 1991). 
Kauffman (1991) found muscle pH collected 45-min postmortem to be 
most closely correlated with water-holding capacity. Miller et al. 
(1991) observed no alterations in muscle pH between control and rpST-
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treated animals at 0, 3, and 6 h postmortem. The researchers further 
noted a decrease In purge loss by semimembranosus with rpST and empha­
sized significance of enhanced water binding to profit margin of meat 
processors. Likewise, water-holding capacity of biceps femorls muscle 
Improved with pSX treatment In Pietrain and crossbred pigs In study of 
Bldanel et al. (1991). Fabry et al. (1991) measured water-binding 
capacity of longisslmus by three different methods and found no dif­
ference between control and rpST muscle samples. These results are in 
agreement with those of Ender et al. (1989) and McLaughlin (1989) who 
found no difference in water binding related to pST administration. 
Solomon et al. (1990) measured longisslmus muscle pH one h postmortem and 
the 100 jug pST • kg group had a lower mean pH value (5.81) than controls 
(6.42). Other reports of 45-mln muscle pH found no differences between 
pST-treated (McLaughlin et al., 1989) or hGRF-treated (Pommier et al., 
1990) pigs and their controls. Ultimate pH values were also reported to 
be similar for pST and placebo treated groups (Ender et al., 1989; 
Bldanel et al., 1991; Miller et al., 1991). In contrast, Beermann and 
co-workers (1988) observed a dose-dependent Increase in ultimate pH 
values from pST administration. 
Effect on animal health 
Several health-related problems have been reported with elevated 
dally doses of pST. Machlln (1972) observed mortality rates of 67% with 
1.1 mg pST • kg live weight. No deaths were reported within control 
group. Common histopathological changes found during necropsy were liver 
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and kidney degeneration and gastric ulceration. In addition, Machlin 
(1972) noted an arthritic-like condition in some pST-treated animals. 
Evock et al. (1988) also reported an impairment in mobility attributable 
to osteochondrosis in pigs receiving either 35, 70 or 140 f j g  pST • kg 
body weight. The occurrence of osteochondrosis was greatest for 140 /ug 
dosage with 62.5% (5 of 8) of animals exhibiting lesions, whereas 50% (4 
of 8) and 37.5S (3 of 8) displayed osteochondrosis at 35 and 70 ijg pST-
treatment levels, respectively. McLaren et al. (1990) assigned leg 
weakness scores to 210 pigs and found pST-treatment levels of up to 9.0 
-1 -1 
mg • pig • d produced slightly lower, but nonsignificant, mean 
soundness values as compared with controls. Other studies have reported 
stomach ulceration with higher doses of pST such as 60 or 120 pg « kg ^ » 
d from 50 to 110 kg body weight (Smith et al., 1989), 120 /jg • kg • 
d from 30 or 60 to 110 kg body weight (Smith and Kasson, 1990) and 6 mg 
- 1 - 1  
• pig • d from 102 to 136 kg body weight (McNamara et al., 1991). 
Consequently, higher daily dosage levels of pST have proven detrimental 
to leg soundness and increased incidence of gastric ulceration in treated 
animals. 
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SECTION I. PORCINE SOMATOTROPIN EFFECTS ON 
GROWTH PERFORMANCE AND LEG SOUNDNESS TRAITS OF 
NORMAL, CARRIER AND STRESS-SUSCEPTIBLE SWINE 
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ABSTRACT 
The objectives of this study were to determine the effects of 
recombinantly-derived analog of porcine somatotropin (rpST) on growth, 
feed conversion and leg soundness characteristics of three stress-related 
genotypes. Ninety-six crossbred pigs (48 barrows, 48 gilts) of two 
replicates were classified as to their stress genotype (NN, Nn, nn) by 
halothane screening, S(AO) and H red blood cell typing, and biochemical 
polymorphisms of phosphohexose isomerase (Phi), 6-phosphogluconate 
dehydrogenase (Pgd) and serum postalbumin (Po2). Pigs of same sex and 
genotype were assigned, two to a pen, to receive daily administration of 
rpST (4 mg • hd) or excipient. The six treatment groups were NN excipi­
ent (NN), NN rpst (NNpST), Nn excipient (Nn), Nn rpST (NnpST), nn 
excipient (nn) and nn rpST (nnpST). Growth rate and feed intake were 
monitored from initiation of treatment at 109 kg pen weight (two penmates 
combined) to 109 kg individual pig weight. Soundness scores (1-9) were 
assigned by three observers at the beginning and the end of test period. 
After slaughter, six joints from each pig were scored for incidence and 
severity of osteochondrosis lesions using a 0 (none) to 3 (severe) scale. 
Treatment reduced days on test due to the average daily gain enhancement 
in rpST-treated pigs (.82±.02) compared to controls (.78±.02). A 
reduction in daily feed consumption (P < .001) occurred with rpST 
treatment and feed conversion ratio was also improved (19%, P < .001) 
with treatment. A treatment x genotype interaction (P < .001) was 
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observed for feed:gain due to a greater improvement in efficiency in 
NNpST (29%) than for NnpST (9%) and nnpST (18%) animals as compared with 
their respective nontreated controls. The lower responses within Nn and 
nn genotypes suggested that these more efficient genotypes fail to 
respond as favorably to treatment as the generally less efficient NN 
genotype. Barrows grew slightly faster (.05 kg/d) with greater daily 
feed intake (.22 kg/d; P < .05) than gilts. Treatment x sex interaction 
(P < .01) for feed efficiency depicted a more marked improvement in rpST-
treated barrows (25%) than in gilts (13%) compared with controls of 
similar gender. Genotypic mean values were not significantly different 
for days on test, average daily gain, feed intake and feed efficiency. 
Treatment effects were significant for front leg structure (P < .01), 
front leg movement (P < .01) and rear leg movement (P < .01) scores at 
the completion of trial. Lower front and rear leg movement scores in 
rpST-treated pigs reflected a less smooth, more choppy stride. The 
slight reduction in front leg mobility was attributed to a straighter 
shoulder angle and greater muscularity; whereas, the observed reduction 
in rear leg movement with treatment was considered a reflection of 
enhanced muscularity of the ham region. Rear hock angulation and rear 
toe size were not affected by rpST. Composite osteochondrosis score 
means for forelimbs were 1.43±.05 for the treated group compared to 
1.20±.05 for the control group (P < .01). Observed differences in the 
forelimbs occurred primarily at the proximal humerus (P < .01) and 
proximal radius-ulna (P < .05) locations and favored controls. No 
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differences were observed between treated and control groups for osteo­
chondrosis in the hind limb. Results suggest improved feed conversion 
and a slight reduction in leg soundness occurs with rpST administration. 
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INTRODUCTION 
Efficacy of porcine somatotropin (pST) in enhancing growth rate and 
feed efficiency of pigs is well documented (Machlin, 1972; Chung et al., 
1985; Boyd et al., 1986; Etherton et al., 1986, 1987; Evock et al., 1988; 
Campbell et al., 1989; McLaughlin et al., 1989; McLaren et al., 1990; 
Bryan et al., 1989, 1990, 1991; Bidanel et al., 1991; Fabry et al., 
1991). Responses observed in various genotypes have generally been 
similar with pST improving performance in an additive manner across 
breeds or genetic lines (Bark et al., 1989; Nossaman et al., 1989; 
Campbell et al., 1990; Kanis et al., 1990; Bidanel et al., 1991). In 
contrast, Shoup et al. (1990) found slow growing genotypes to show a 
proportionately greater improvement in average daily gain with pST 
treatment. A comparable finding was reported by Campbell et al. (1990) 
who found feed conversion to be more drastically changed with pST in 
barrows than gilts thus eliminating innate sex differences generally 
associated with this trait. 
Another area of interest is the influence of pST on musculoskeletal 
development and structural soundness. Machlin (1972) reported an 
arthritic-like problem in pigs receiving somatotropin. Later, Evock et 
al. (1988) observed detrimental effects of higher dosages of pST on pig 
mobility. They attributed the problem to occurrence of lesions or 
osteochondrosis within the leg joints of afflicted animals and speculated 
the lesions to be similar to those found in tibial dyschondroplasia of 
chickens, a malady resulting from elevated levels of growth hormone. 
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The review by Webb (1981) and studies by Carlson et al. (1960) and 
Christian and Rothschild (1981) have delineated differences in growth 
rate and feed efficiency of pigs differing in stress genotype. Conse­
quently, an objective of the present study was to determine if pST-
elicited changes in performance were of similar magnitude among the three 
stress-related genotypes. Secondly, the study included barrows and gilts 
in order to evaluate the possible interaction of sex with rpST treatment. 
A final objective was to evaluate any differences between rpST-treated 
and control animals in structural soundness and mobility. In addition, 
leg joints of the fore- and rear limbs were observed postmortem for 
incidence of osteochondrosis. 
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MATERIALS AND METHODS 
Ninety-six Yorkshire-crossbred pigs were utilized in two replicates 
of similar protocol except for a single modification. In replicate 1, a 
withdrawal time of 7 d from rpST-treatment was required by the Food and 
Drug Administration. In replicate 2, pigs were slaughtered with 0 d 
withdrawal from treatment. Forty-eight pigs (24 barrows, 24 gilts) in 
each replicate were allocated to six treatment groups consisting of eight 
animals each (four barrows, four gilts) based on stress genotype, classi­
fication and rpST or excipient administration. 
Stress-genotype classification was determined by haplotypic analysis 
of parents and offspring including information from halothane screening 
(Christian, 1974), serum creatine phosphokinase concentration (Allen and 
Patterson, 1971) and S(AO) and H red blood cell antigens (Rasmusen and 
Christian, 1976). Biochemical polymorphisms of phosphohexose isomerase 
(Phi), 6-phosphogluconate dehydrogenase (Pgd) and serum postalbumin-2 
(Fo2) were also evaluated for offspring used in both replicates and their 
parents (Juneja and Gahne, 1987). 
At approximately 60 d of age, pigs were screened for stress suscep­
tibility with 6% halothane gas (fluothane) as described by Christian 
(1974) and Mabry et al. (1981). The pigs were individually exposed to 
anesthetic via a nosecone apparatus for 3 min or until a stress-suscep-
tible or positive reaction occurred in the form of pronounced muscle 
rigidity of the hind limbs. This rigidity was often accompanied by 
cyanosis or skin blotching and physical resistance to gas inhalation. A 
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stress-resistant or negative reaction involved loss of consciousness or 
relaxation induced by halothane gas. 
Two blood samples were collected via sub-orbital sinus (Huhn et al., 
1969) two hours following halothane screening and used for analysis of 
CPK activity and for blood typing of the S(AO) and H system or electro-
phoretic techniques for determination of Phi, Fgd, or Po2. CPK concen­
tration was determined by the Sigma 520 procedure and values of .100 or 
greater reflected stress-positive status (Habry et al., 1981). The S(AO) 
and H system aided in distinguishing stress-carrier from stress-negative 
animals. Stress-positive pigs were homozygous recessive (ss) at the A-0 
suppressor gene (s locus) and did not express either A or O red blood 
cell type. Stress-negative pigs were homozygous dominant (SS) at s locus 
and, therefore, expressed either A or O red blood cell type and were 
identified as s- at the s locus. Animals of nn genotype generally 
possessed H system blood types of H*/* or ; whereas, non-stress 
susceptible genotypes displayed if Nn and or if NM (Mabry 
et al., 1983). The stress classification was confirmed and delineation 
of stress-carrier from stress-negative animals was further determined 
through Phi, Pgd and Po2 analysis. Phi and Pgd phenotypes were analyzed 
on an agarose gel (Gahne and Juneja, 1985) from red cell hemolysates of 
samples collected via suborbital sinus and prepared by washing three 
times with phosphate buffered saline, adding to equal volume of distilled 
water to lyse red blood cells and stored at -20*0. Po2 (5-l-/J-glycopro-
tein) phenotypes were determined from stored serum samples and used in a 
two-dimensional electrophoresis technique on agarose (first dimension) 
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and polyacrylamide (second dimension) gels, as described by Juneja and 
Gahne (1987). The stress-positive genotype were designated as A, F and S 
distinctions for Phi, Pgd and Po2, respectively. The stress-negative 
genotype possessed readings of B for Phi, S for Pgd and F for Po2. 
Stress-carrier readings were AB for Phi and FS for both Pgd and Po2. 
Pigs were chosen from litters represented by at least two stress 
classification genotypes. Litters from Nn x Nn parental matings with all 
three genotypes present within litter were utilized when available and 
assigned to each treatment combination. Thirteen litters were represent­
ed in replicate 1 and 14 litters in replicate 2. Treatment groups were 
designated as follows: stress negative, excipient (NN); stress negative, 
rpST (NNpST); stress carrier, excipient (Nn); stress carrier, rpST 
(NnpST); stress positive, excipient (nn) and stress positive, rpST 
(nnpST). 
The experiment was conducted at Iowa State University's Bilsland 
Swine Breeding Farm near Madrid, Iowa. Two pigs (same sex, stress 
genotype, and treatment) were housed per pen (1.2 m x 3.4 m) in a 
concrete-floored, flush-guttered, environmentally controlled confinement 
building. Pen assignments were determined prior to 32 kg of individual 
pig weight and penmates were similar (maximum range, 5.5 kg) in weight. 
Pigs were fed ad libitum a corn-soybean meal diet formulated to contain 
17.6% protein and 1.2% lysine with 3% added commercial fat. Diets were 
formulated to meet or exceed the nutritional requirements recommended by 
NRC (1988). Animals were also allowed ad libitum access to water. Pens 
started on treatment when penmates collectively weighed 109 kg. 
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Recombinant pST utilized in this study was reconstituted from 
lyophilized form by addition of diluent. Stock solutions were reconsti­
tuted every second day and stored at 4oc. Treatment consisted of 1 ml of 
excipient (diluent) with or without 4 mg of rpST/ml injected daily 
between 0900 and 1000 in the extensor muscle of the neck. A calibrated, 
multiple-dose syringe fitted with a sterile, disposable 18-gauge aluminum 
needle was used to administer the daily injections. The pigs were 
weighed individually at weekly intervals. Feed intake of each pen was 
recorded weekly by weighing feeders with a Mosdal electronic hanging 
scale and by monitoring quantity of feed added to feeders utilizing a 
Mosdal electronic feed cart (500 lb capacity). Average daily feed intake 
(AOFI) and feed efficiency (FE) were calculated on a pen basis. When an 
individual pig reached the designated off-test weight of 109 kg, treat­
ment was terminated, the pig was removed from the pen and the feeder 
weighed to determine AOFI and FE for both penmates to that point. 
Thereafter, ADFI and FE were determined for the penmate remaining on 
test. Average daily gain (A06) and days on treatment (DOT) were deter­
mined for individual pigs. In replicate 1, animals continued to be fed 
for an additional 7 d without treatment to meet the withdrawal require­
ment. Pigs in replicate 2 did not require this withdrawal. 
Pigs were scored by three observers working independently for 
soundness on front leg structure (FS), front leg movement (FM), rear hock 
structure (RH), rear leg movement (RM) and rear toe size (RTS) before the 
start and again 1 d pre-slaughter. The scoring system for all traits 
ranged from 1 to 9 according to system reported by Rothschild and 
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Christian (1988). The alternate scores for FS are described as follows: 
1, unable to stand due to unsoundness of front leg structure; 3, buck-
kneed, uneven toe size, shoulder angle or angle between scapula and 
humerus exceeding 90°; 7, sloping arm (brachii) and forearm (antibrach-
ii), average and uniform toe size, shoulder angle approaching 90o and 9, 
proper slope and set to arm and forearm, large and even toe size and 
shoulder angle of 90°. Scores for both FM and RM ranged from 1 (unable 
to move, severely restricted stride) to 9 (free and easy in movement, 
long and unrestricted stride). The RH scores were evaluated on a scale 
of 1 to 9 with proper set to hock considered to be between 4 and 5. 
Scores for RH exceeding this mid-range represented extremely straight 
rear legs and scores of 3 or below represented rear legs with too much 
set under the body. The RTS scores were 1 to 9 with 5 designated as 
average and even toe size and higher scores given to uniformly large and 
even toe size and scores below 5 assigned to smaller and uneven toe size. 
Scorers were not informed of treatment x genotype classification of the 
pigs prior to soundness scoring. Scores of the three observers were 
averaged for analysis. Correlations among observers for FS and FM 
approached .90 (P<.01) whereas rear leg trait scores exceeded .70 
(P<.01). 
Pigs were transported via truck 26 km to the Iowa State University 
Meat Laboratory. Animals of nn genotype were penned separately to reduce 
stress from fighting. After an overnight fast, pigs were electrically 
stunned, exsanguinated and eviscerated by normal procedures of the Meat 
Laboratory. The fore- and hind limbs from the right side of each carcass 
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were removed during fabrication approximately 24 h postmortem and the 
joint surfaces examined morphologically for gross incidence of osteochon­
drosis. The eight locations examined were the proximal humerus, distal 
humerus, proximal radius-ulna, distal radius-ulna, proximal femur, distal 
femur, proximal tibia and distal tibia. Three evaluators worked indepen­
dently to score joint surfaces on a scale of 0 to 3 developed by Goedege-
buure et al. (1980). The scoring system was as follows: 0, no lesions; 
1, minor lesions but no serious degeneration; 2, lesions and degenera­
tion; and 3, lesions, extensive degeneration or presence of flaps. The 
mean score of the three evaluators was used for analysis. A composite 
forelimb osteochondrosis score was determined from the average of scores 
for proximal humerus, distal humerus, proximal radius-ulna and distal 
radius-ulna. A composite hind limb score combined values from the 
proximal femur, distal femur, proximal tibia and distal tibia. Correla­
tion among scorers for osteochondrosis scores approached .70 for both the 
forelimb and hind limb values. 
The study was arranged in a 3 x 2 x 2 factorial design. The factors 
included three stress-genotype classifications (NN, Nn, nn), two treat­
ments (rpST, excipient) and two sexes (barrows, gilts). The statistical 
model used to analyze the data consisted of fixed effects of stress 
genotype, rpST treatment and sex, random effects of replicate and litter 
within replicate and interactions of genotype x treatment, genotype x 
sex, treatment x sex and genotype x treatment x sex. The model was as 
follows: 
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'ijklm. - P + 9i + t, + »k + ?! + 1„,1, * * <9=llk * l"ljk 
+ (9t")ljk + 
where 
y . ,  =  o b s e r v a t i o n  o f  t h e  n ^ ^  l i t t e r  w i t h i n  t h e  r e p l i c a t e  o f  
ijklmn 
the sex from the treatment and the i^ stress 
genotype, 
ju " overall population mean of the observation, 
= fixed effect common to stress-genotype classification (i = 
1, 2, 3), 
tj = fixed effect common to treatment (j = 1, 2), 
= fixed effect common to sex (k = 1, 2), 
= random effect common to 1^^ replicate (1 = 1, 2), 
^m(l) = random effect common to m^^ litter within 1^** replicate, 
(gt)., = fixed effect of the interaction of the i^^ stress genotype 
'ij 
and treatment. 
(gs)^j^ » fixed effect of the interaction of the i^^ stress genotype 
, , th 
and k sex, 
(ts)j^ = fixed effect of the interaction of treatment and k^^ 
sex, 
(gts).. = fixed effect of the interaction of the i^^ stress geno-
xjlc 
type, treatment and k^^ sex, 
e... , = random error for observation Y,.,, 
ijklmn ijklmn 
The three first-order interactions and the second-order interaction were 
evaluated for each trait and if found nonsignificant (F>.20) were dropped 
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from the model, pooled and Included In the error term to 
increase sensitivity of the analysis. The effect of replicate was tested 
using litter within replicate as the test statistic. The individual 
animal served as experimental unit for traits measured except ADFI and FE 
for which pen served as the experimental unit. Analyses were performed 
using the GLM procedure of SAS (1985). Least-squares means were calcu­
lated and separated in all analyses using mean separation procedures 
(SAS, 1985). Two of the eight stress-positive pigs in replicate 1 and 
four of the eight stress-positive pigs in replicate 2 treated with rpST 
did not provide complete growth, feed efficiency, and leg soundness data. 
One pig from replicate 1 and two from replicate 2 died shortly after 
transport to the slaughter facility. In replicate 1, one pig died 25 d 
after onset of treatment. In replicate 2, one pig died at beginning of 
the study and another pig exhibited extremely slow growth and failed to 
reach the designated slaughter weight in the allotted time. 
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RESULTS 
Least squares means for growth performance of the six genotype x 
rpST treatment subclasses are presented in Table 1. Since pigs were 
targeted to start on test when the combined weight of the two penmates 
totalled 109 kg, no differences in starting weight were observed for 
treatment, genotype or treatment x genotype. Mean on-test weight was 
approximately 59 kg. Individual pigs were removed from the test with 
attainment of 109 kg at the weekly interval weighings. Consequently, 
off-test weights were similar both within and across genotypes. 
A  tendency (P < .16) existed for pST-treated animals (65.1±1.8) to 
spend fewer days on test than their control counterparts (68.8±1.9). In 
addition, stress-positive pigs (71.0±2.7) were on test slightly but 
nonsignificantly longer than carrier (64.4±2.0) or stress-negative pigs 
(69.6±3.0) as the genotypic influence approached significance (P < .17). 
The tendency (P < .18) toward a stress genotype x treatment interaction 
reflected the greater reduction in days on test for NNpST vs NN relative 
to the response observed with rpST treatment in Nn and nn genotypes. A 
trend existed (P < .18) for enhanced average daily gain due to rpST 
treatment as treated pigs (.82±.02) grew slightly faster than controls 
(.78±.02). Daily gain was not affected by genotype or genotype x 
treatment interaction. 
Pigs receiving rpST exhibited a reduced appetite as shown by marked 
reduction (P < .001) in voluntary feed consumption relative to controls 
Table 1. Least-squares meems and standard errors of on-test starting weights and backfat depths 
of stress genotype (G) x rpST treatment (T) subclasses 
Genotype x rpST treatment subclass Significance 
Trait NH c NNpST Nn c NnpST m c iwpST G T GxT 
On-test Ht, kg 61.3*2.2 NS^ 61.1i2.2 60.7±2.0 NS 60.0t1.8 56.2*2.0 IIS 56.1*2.2 NS NS NS 
On-test last rib BF, 
right side, cm 1.32*.06 NS 1.33*.06 1.34*.06 NS 1.34±.05 1.19*.06 NS 1.28±.06 NS NS NS 
On-test last rib BF, 
left side, cm 1.25*.06 NS 1.22*.06 1.31*.06 NS 1.39*.05 1.2U.06 NS 1.29*.06 * NS NS 
8 
Contrast (c) of excipient vs. rpST-trcated pigs within respective genotypes. 
^NS = nonsignificant. 
% < .10. 
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as NNpST, NnpST and nnpST consumed 63, 38 and 5 kg less feed than their 
respective nontreated genotypic contemporaries over the treatment period. 
The feed conversion ratio was clearly improved by administration of rpST 
(P < .001). The average increased efficiency for rpST vs controls was 
19%. The feed:gain ratios were similar for the three genotypes. A 
genotype x treatment interaction, however, existed (P < .001) for 
efficiency of gain. Recombinant pST administration improved efficiency 
most favorably in the NN genotype (29%) in an intermediate magnitude 
within nn (18%) and minimally for the Nn genotype (9%) compared with 
their respective controls. Therefore, the more efficient genotypes, nn 
and Nn, had lower responses suggesting existence of a differential 
response of genotypes to rpST for feed conversion. 
Barrows finished test seven d sooner (P < .01) than gilts, a 
difference attributable to their slightly faster growth (.05 kg/d; P < 
.11) and greater daily feed intake (.22 kg/d; P < .05) (Table 2). No 
differences were noted between genders for feed conversion. Daily feed 
intake decreased more dramatically with rpST administration in barrows 
(18%) than in gilts (9%) when both were compared to nontreated controls 
of their gender. Both barrows and gilts treated with rpST responded 
favorably in feed conversion; however, a significant treatment x sex 
interaction (P < .01) depicted a more pronounced improvement over 
respective controls for barrows (25%) than gilts (13%). This suggests a 
greater response to rpST in the fatter, slightly less efficient barrows 
and thus treatment minimizes differences in feed conversion between the 
genders. 
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Table 2. Least-squares means and standard errors for the effects of sex 
(S) and rpST treatment (T) by sex interaction on performance 
traits 
Significance 
rpST 
Trait Sex Controls treated S TxS 
Final wt, kg Barrows 
Gilts 
111.61.8 
112.21.8 
111.41.8 
112.91.8 
NS- NS 
Days on trial Barrows 
Gilts 
65.112.5 
72.612.6 
61.812.7 
68.612.7 
**  NS 
ADG, kg/d Barrows 
Gilts 
.801.03 
.761.03 
.851.03 
.791.03 
NS NS 
Feed/gain Barrows 
Gilts 
3.751.08 
3.441.08 
2.821.08 
2.991.09 
NS ** 
Avg daily feed 
intake,kg 
Barrows 
Gilts 
2.961.09 
2.591.10 
2.411.10 
2.341.11 
* NS 
*NS • nonsignificant. 
*P < .05. 
< .01. 
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The leg soundness traits observed at the beginning of the test were 
similar for all five scored traits of the two treatment groups. The 
small and nonsignificant differences noted between treatment groups at 
the beginning of the test were slightly straighter rear hock and freer 
movement off the rear legs associated with animals to be treated with 
rpST compared to those assigned to be controls. 
Stress genotype and sex effects were not significant for any leg 
soundness traits nor for osteochondrosis scores (Tables 3 and 4). 
Treatment effects, however, were significant for front leg structure and 
associated movement and rear leg movement scores at completion of the 
trial. Recipients of rpST possessed slightly straighter front legs and a 
larger shoulder angle compared to controls. The decline in fore- and 
hind limb movement scores is likely a reflection of greater muscularity 
in shoulder and ham region of rpST-treated animals and consequently this 
enhanced muscularity tended to somewhat hinder mobility. It should be 
noted that even though significant difference existed, the values for 
front leg structure and movement and rear leg movement of both treated 
and control pigs were within normal range. Rear hock angulation and rear 
toe size were unaffected by treatment. 
The rpST-treatment effect was significant for osteochondrosis 
scores. Differences in the forelimb occurred primarily at the proximal 
humerus (P < .01) and proximal radius-ulna (P < .05) locations. Osteo­
chondrosis scores were elevated at the distal humerus for both groups but 
not different. Occurrence of lesions for distal humerus were low and 
similar for the two groups. Addition of the four forelimb values yielded 
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Table 3. Least-squares means and standard errors by treatment group for 
leg soundness traits at trial completion 
Trait Controls rpST treated 
Front structure 6.38±.22** 5.47±.23 
Front movement 6.53±.21** 5.65±.22 
Rear hock 5.531.10 5.74±.10 
Rear movement 5.18±.13** 4.63±.14 
Rear toe size 4.78±.06 4.76±.07 
< .01. 
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Table 4. Least-squares means and standard errors by treatment group for 
osteochondrosis scores 
Location Controls rpST treated 
Forelimb 
Proximal humerus 
Distal humerus 
Proximal radius-ulna 
Distal radius-ulna 
Forelimb composite 
.851.08** 
1.80±;10 
1.35±.10* 
.78±.06 
1.20±.05** 
1.18±.09 
1.821.10 
1.711.11 
1.001.06 
1.431.05 
Hind limb 
Proximal femur 
Distal femur 
Proximal tibia 
Distal tibia 
Hind limb composite 
.961.09 
.701.10 
.661.07 
1.231.06 
.881.05 
1.101.09 
.821.10 
.561.08 
1.291.06 
.941.05 
*P < .05. 
**P < .01. 
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a composite score which Indicated an Increased (P < .01) Incidence of 
osteochondrosis of treated animals relative to controls. Even though 
forelimb composite values were significantly different, the difference 
was not of magnitude to merit extreme concern. Mean osteochondrosis 
scores were lower than those observed for the forelimb and not different 
between groups at four hind limb locations. As a result, composite hind 
limb osteochondrosis scores were similar and less than one. The correla­
tions between front leg movement and measures of osteochondrosis for the 
forelimb shown in Table 5 were generally low and negative with only the 
correlation at the distal radius-ulna greater than zero (-.35, P < .001). 
Likewise, correlation coefficients of rear leg movement with hind limb 
osteochondrosis scores were low and only greater than zero at the 
proximal femur location (.22, P < .05, Table 5). 
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Table 5. Correlation coefficients of leg soundness traits with 
respective osteochondrosis scores 
Trait 
Location Front leg movement Rear leg movement 
Forelimb 
Proximal humerus 
Distal humerus 
Proximal radius-ulna 
Distal radius-ulna 
Forelimb composite 
Hind limb 
Proximal femur 
Distal femur 
Proximal tibia 
Distal tibia 
Hind limb composite 
"^P < .10. 
*P < .05. 
***P < .001. 
,18* 
.09 
.07 
,35*** 
,10 
.22* 
.12 
-.14 
.02 
.12 
75 
DISCUSSION 
It Is well documented that either pituitary-derived or bacterially 
synthesized porcine somatotropin Improves growth rate and feed efficiency 
of growing swine (Hachlln et al., 1972; Chung et al., 1985; Boyd et al., 
1986; Etherton et al., 1986, 1987; Evock et al., 1988; Campbell et al., 
1990; Smith and Kasson, 1990; Bryan et al., 1989, 1990, 1991; Bidanel et 
al., 1991; Fabry et al., 1991). The relatively small difference in 
average daily gain found in this study is consistent with results of 
Kanis et al. (1990) but less than that generally reported in other 
studies. The absence of a stress x rpST-treatment interaction for daily 
gain is consistent with observations of other studies evaluating differ­
ences in genotypic response (Bark et al., 1989; Nossaman et al., 1989; 
Campbell et al., 1990; Kanis et al., 1990; Bidanel et al., 1991). This 
finding contrasts those of Shoup et al. (1990) in which a significant 
line X rpST treatment interaction depicted greater improvement in daily 
gain associated with the slowest growing genotype. 
The reduction in voluntary feed intake induced by rpST agrees with 
earlier reports (Evock et al., 1988; Campbell et al., 1988, 1990; McLaren 
et al., 1990; Bidanel et al., 1991; Fabry et al., 1991). Likewise, the 
improvement in feed efficiency is typical of results reported previously 
with rpST (Campbell et al., 1988; Evock et al., 1988; Smith and Kasson, 
1990; Bidanel et al., 1991; Fabry et al., 1991). The genotype x treat­
ment interaction reflected a proportionally greater Improvement in feed 
conversion of the least efficient genotype, NN, and corresponds to 
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results reported by Bark et al. (1989) and Bidanel et al. (1991). Studies 
of Nossaman et al. (1989), Campbell et al. (1990) and Shoup et al. 
(1990), however, revealed pST to improve feedigain similarly regardless 
of genotype. 
Webb (1981) summarized results of several studies evaluating growth 
and feed efficiency of halothane-positive and negative pigs. He noted a 
slight decrease in mean daily gain (-2 g/d) for positive animals and a 
range in differences from -47 to 28 g/d in studies reviewed. The mean 
daily feed intake was reduced .07 kg and feed efficiency improved .06 
between positive and negative animals. The difference between the two 
groups for feed intake ranged from -.46 to .06 kg daily and feed effi­
ciency improvements up to .30 kg feed/kg gain were observed. Ad libitum 
feeding of British Landrace by Webb and Simpson (1986) found halothane-
positive pigs had reduced daily feed consumption (.08 kg) and enhanced 
feed conversion ratio (.06) compared with halothane-negative pigs. Using 
predecessors to animals of this study, Carlson et al. (1980) and Chris­
tian and Rothschild (1981) evaluated growth performance of the Yorkshire-
Poland China crosses. Carlson et al. (1980) reported a similar rate of 
gain, feed efficiency and feed conversion ratio of PSS positive and 
negative pigs. Christian and Rothschild (1981) determined that average 
daily gain, feed intake and feed efficiency were not significantly 
different for three stress genotypes (NN, Nn, nn) tested from 32 to 109 
kg. Observed feed conversion ratios were similar for nn (3.45:1) and Nn 
(3.50:1) genotypes and were improved relative to that of NN (3.60:1). 
Feed intake was also reduced for nn (2.59 kg/d) and Nn (2.59 kg/d) 
77 
compared with the NN (2.72 kg/d) genotype. The results of this study are 
consistent with those of two preceding studies as no differences were 
noted among genotypes for daily gain, feed intake and feed conversion. 
Within control animals, NN and nn subclasses possessed improved feed 
efficiency relative to that of NN genotype. In contrast, Jensen (1981) 
found daily gain from 25 to 90 kg to differ significantly among three 
stress genotypes in a different population. Reported values for NN, Nn 
and nn were 724, 625 and 622 g/d, respectively. Jensen and Barton-Gade 
(1985) reported similar feed efficiency values for three genotypes of the 
Danish Landrace breed. The most pronounced difference (39 g/d) separated 
the two homozygotes in favor of positive animals. 
Among controls, barrows had greater feed consumption and slightly 
higher average daily gains with a resultant fewer days on test while 
gilts possessed an advantage in feed conversion. These sex-effect 
differences were minimized by rpST as differences noted in growth rate 
and efficiency between sexes were eliminated with treatment. The 
differential responses by the sexes to rpST agrees with results of 
Campbell et al. (1989) in a study where boars, barrows and gilts of 60 kg 
-1 -1 
average initial weight were treated with 0 or 100 mg • kg • d pST for 
a 31-d period. Somatotropin increased growth rates by 13, 22 and 16% and 
improved feed efficiencies by 19, 34 and 32% for boars, gilts and 
barrows, respectively. A later study by Campbell et al. (1990) reported 
similar results as pST-elicited improvements in feed:gain were compara­
tively larger for gilts than boars. Kanis et al. (1990) also evaluated 
responses of boars, barrows and gilts to pST and found barrows exhibited 
78 
considerably greater improvement in feed conversion than boars and gilts. 
Consequently, results of our study combined with aforementioned studies 
suggest pST and androgens are not additive in effects on growth. 
Recombinant pST appears to greatly diminish inherent sex differences 
associated with feed conversion. 
A few studies have evaluated the effect of rpST on skeletal forma­
tion and leg soundness of growing pigs. Machlin (1972) noted an arth­
ritic-like condition in some pST-treated animals. Evock et al. (1988) 
also reported an impairment in mobility attributable to osteochondrosis 
in pigs receiving either 35, 70 or 140 fig pST • kg body weight. The 
occurrence of osteochondrosis was greatest for 140 (jg dosage with 62.5% 
(5 of 8) of animals exhibiting lesions, whereas 50% (4 of 8) and 37.5% (3 
of 8) displayed osteochondrosis at 35 and 70 jug pST-treatment levels, 
respectively. McLaren et al. (1990) assigned leg weakness scores to 210 
—1 -1 pigs and found pST-treatment levels of up to 9.0 mg • pig • d 
produced slightly lower, but nonsignificant, mean soundness values as 
compared with controls. Kanis èt al. (1990) reported no differences 
observed between pigs injected with 14 mg rpST twice weekly and controls 
from 60 to 140 kg. 
Studies of the influence of growth rate on leg weakness has resulted 
in conflicting findings in the literature. Some authors suggested that 
pigs excelling in growth rate encounter a greater degree of leg weakness 
problems than slower growing counterparts (Grondalen, 1974; Lundeheim, 
1987). In contrast, other studies reported reduced leg weakness with 
faster growth (Reiland et al., 1978; Kornegay et al., 1983) or no 
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apparent relationship between the two traits (Kornegay et al., 1981; Webb 
et al, 1983; Rothschild et al., 1988). Correspondingly, increased 
incidence of osteochondrosis was associated with rapid growth rate in an 
earlier study of Goedegebuure et al. (1980). This result is contradicted 
by Perrin et al. (1978) and in a more recent study by Goedegebuure et al. 
(1988) in which no significant relationships were observed between growth 
rate and occurrence of osteochondrosis. Osteochondral lesions have been 
observed in pigs as early as weaning (28 d) and generally increased in 
incidence and severity with heavier body weights, especially during 60 to 
120 kg growth phase (Perrin et al., 1978). In addition, Mahan and Cera 
(1985) noted that leg soundness problems became more pronounced at 
heavier weights. 
Somatotropin may influence the development of bone in growing pigs. 
Several studies have reported a reduction in bone mineralization with pST 
(Evock et al., 1988; Kornegay and Wood, 1989; Bidanel et al., 1991). 
Somatotropin-initiated I6F-Z release stimulates chondrogenesis and 
directly affects chondrocyte formation and increases longitudinal bone 
growth (Isakson et al., 1988). Evidence exists for a pST-elicited 
increase in calcium and phosphorus deposition (Campbell et al., 1988). 
Consequently, dietary levels of calcium and phosphorus must be adequate 
to maintain structural soundness of rpST-treated animals. The dietary 
composition of calcium (Ca) and phosphorus (P) in this study exceeded NRC 
recommendations (NRC, 1988) and therefore should not have hindered bone 
development. Experiments utilizing elevated dietary Ca and P levels 
failed to detect significant differences in structural soundness (Rei-
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land, 1978; Kornegay et al., 1983; Brennan and Aherne, 1986). Similarly, 
the incidence or severity of osteochondrosis was unaffected by levels of 
Ca and P (Brennan and Aherne, 1986). 
The decrease in visual structural soundness scores associated with 
front leg movement of pST treated animals could be attributed to enhanced 
muscularity of the shoulder, slight increase in osteochondrosis or a 
combination of the two. The trimmed wholesale cut weights as a percent­
age of side carcass weight were increased for both the Boston butt 
(P < .001) and the picnic shoulder (P < .05). Draper et al. (1987) 
reported a greater total soft tissue area for the arm and forearm of low-
line (poor front-leg structure) Duroc pigs compared with the control 
(intermediate) and high (superior front-leg structure) soundness lines. 
They hypothesized that the increased muscle mass of the low line exerted 
excessive gravitational force on the elbow and carpal joints and thereby 
intensified structural problems. Lundeheim (1987) and Goedegebuure et 
al. (1988) suggested that osteochondrosis may be a predisposing component 
but not the primary causative factor of leg weakness. Due to the absence 
of significant osteochondral lesions in the hind limb, the decline in 
rear leg mobility of rpST-treated animals is predominantly related to in­
creased muscle accretion within the ham. 
Rothschild and Christian (1988) reported a realized heritability 
estimate of .29 for improved front leg structure in a population of Duroc 
pigs divergently selected on this trait for five generations. They also 
found the realized heritability of directionally opposite trait, leg 
weakness, to be .42. Other researchers have estimated heritabilities of 
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leg weakness of the front and rear legs and generally observed a lower 
heritabllity associated with rear leg weakness. Estimates of herlta-
blllty with Duroc and Yorkshire gilts were .27 for front leg scores and 
.15 for rear leg scores (Bereskln, 1979). Webb et al. (1983) found 
heritabilltles of leg score calculated from 19 individual fore- and hind 
leg traits to be .17 in Large White and .19 in Landrace. The heritabll­
ity of osteochondrosis has been reported as .2 by Relland et al. (1978) 
and .35 by Lundeheim (1987). Webb et al. (1983) and Rothschild and 
Christian (1988) reported high correlations between front structure and 
front leg movement and thus selection for front structure will concur­
rently improve front leg movement. Consequently, structural soundness is 
responsive to selection pressure and should remain an important selection 
criterion with rpST administration. 
Implications 
The beneficial effects of rpST on growth and feed conversion were 
observed for swine of positive, carrier and negative stress genotypes. 
Somatotropin more favorably influenced feed conversion within stress 
negative classification compared with rpST-elicited responses observed 
for the generally more efficient stress-carrier and positive animals. In 
addition, administration of rpST minimized differences between barrows 
and gilts for growth performance and feed efficiency with less efficient 
barrows exhibiting greater improvement relative to controls for both 
traits. Changes were noted for musculoskeletal development of growing 
pigs receiving rpST. Treatment with rpST enhanced muscularity of both 
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the fore- and hind limbs and slightly increased incidence of osteo­
chondral lesions observed in forelimb joint surfaces. The combined 
effect of the two changes resulted in reduced mobility of treated 
animals. 
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SECTION II. PORCINE SOMATOTROPIN EFFECTS ON 
QUANTITATIVE AND QUALITATIVE CARCASS TRAITS OF 
NORMAL, CARRIER AND STRESS SUSCEPTIBLE SWINE 
69 
ABSTRACT 
The effects of a recomblnantly derived analog of porcine somato­
tropin (rpST) on carcass composition and muscle quality of three stress 
related genotypes were examined. Nlnety-slx crossbred pigs (48 barrows, 
48 gilts) were allocated within two replicates to six treatment groups 
consisting of eight hd each (4 barrows, 4 gilts) based on stress classl-
-1 -1 
flcation and rpST (4 mg * hd • d ) or excipient administration. The 
six treatment groups were NN excipient (NN), NN rpST (NNpST), Nn excipi­
ent (Nn), Nn rpST (NnpST), nn excipient (nn) and nn rpST (nnpST). Pigs 
were housed two to a pen and were started on treatment when penmates 
combined weighed 109 kg and continued on test until Individual pigs 
weighed 109 kg. Yield decreased (1.6%) in rpST-treated pigs (P < .001) 
with stress-positive and negative pigs more adversely affected (P < .01) 
than carriers. Carcass composition Improved in all treated genotypes as 
evidenced by increased muscle accretion and reduced fat deposition. 
Carcass backfat was not influenced by genotype but average carcass 
backfat, tenth rib backfat and percentage of adipose tissue were dramati­
cally reduced in rpST-treated pigs (P < .001). Administration of rpST 
resulted in longer carcasses (P < .001), larger longissimus muscle areas 
(P < .001), greater carcass muscle scores (P < .001) and a higher 
proportion of dissected lean (P < .001). Percentage of bone (P < .001) 
and skin (P < .001) were also increased with rpST. Lipid percentage of 
the dissected lean tissue was reduced (P < .001) in treated animals with 
a correlated Increase in percent protein (P < .001) and moisture (P < 
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.001). similar results were obtained for dissected fat composition as 
lipid percentage diminished (P < .001) with enhanced protein (P < .001) 
and moisture (P < .001) percentages. A treatment x sex interaction 
influenced carcass length and tenth rib backfat depth as more pronounced 
changes occurred with rpST in barrows than in gilts. Trimmed wholesale 
cut percentages were improved for ham (P < .01), loin (P < .001), Boston 
butt (P < .001) and picnic (P < .05) with rpST treatment. Stress 
genotype had a significant effect on qualitative muscle characteristics 
which confirmed previous results. Stress-positive pigs possessed lower 
45-min pH values (P < .001), were paler in subjective color (P < .001) 
with concomitant higher reflectance values (P < .001), scored lower on 
degree of marbling (P < .001) and higher on coarseness of muscle texture 
(P < .001) than nonstress-susceptible genotypes. Transmittance values 
were also higher (P < .001) for stress-positive animals which reflected 
greater protein denaturation. In general, values of the carrier genotype 
for each of the aforementioned qualitative traits were intermediate to 
those of the two homozygotes. Objective muscle quality traits and 
acceptability tended to improve with rpST administration as ultimate pH 
increased (5.60 vs 5.48, P < .001), subjective color score improved (2.5 
vs 2.2, P < .05), reflectance values decreased 4% units (P < .001) 
indicative of darker color lean, and transmittance values were reduced (P 
< .001) to less than half of those of control animals. Predominant 
improvements were noted for the nnpST group as compared to the nn group 
for ultimate pH (5.65 vs 5.47, P < .01), visual color (1.3 vs 2.0, 
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P < .05), reflectance (30.4 va 24.3, P < .001), and transmittance (40.3 
vs 77.6, P < .001). 
In general, supplementation with rpST enhanced quantitative carcass 
characteristics of all genotypes, did not deleteriously affect qualita­
tive traits of nonstress-susceptible genotypes, and improved muscle 
quality characteristics of the stress-susceptible genotype. 
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INTRODUCTION 
A current challenge facing the swine industry is the production of a 
lean, high quality product to satisfy consumer demand. Genotypic, 
environmental and nutritional changes over time have altered animal 
composition and led to production of leaner, more muscular pork carcass­
es. Recently, compositional changes have been found to result from 
administration of exogenous porcine somatotropin (pST) to growing pigs. 
Porcine somatotropin is a naturally occurring hormone synthesized 
and stored in the anterior pituitary gland. Advancements in recombinant 
DNA technology have permitted mass production of a species-specific, 
biologically-active pST (Seeburg et al., 1983). Evock et al. (1988) 
concluded that rpST mimics actions of the naturally-occurring pituitary 
pST. Numerous studies have reported marked alteration of body composi­
tion from injection of either pituitary-derived or recombinantly-derived 
pST (Machlin, 1972; Chung et al., 1985; Boyd et al., 1986; Etherton et 
al., 1986, 1987; Campbell et al., 1988, 1989; Evock et al., 1988; 
McLaughlin et al., 1989; Goodband et al., 1990; Bidanel et al., 1991; 
Fabry et al., 1991). The resultant changes involved a repartitioning of 
ingested nutrients toward enhanced lean tissue accretion while simulta­
neously reducing adipose tissue deposition. 
Researchers have also explored the possibility of differential 
responses of particular genotypes to rpST administration. Some have 
evaluated lines or breeds genetically different in lean tissue growth 
rate (Bark et al., 1989; Nossaman et al., 1989; Campbell et al., 1990; 
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Kanis et al., 1990; Shoup et al., 1990; Verstegen et al., 1990; Yen et 
al., 1990; Bldanel et al., 1991). Others have studied the effects of 
rpST on breeds excelling in lean:fat ratio such as the Belgian Landrace 
(Fabry et al., 1991) or in contrast, breeds noted for inferior carcass 
composition such as the Chinese Meishan (van der Stein et al., 1989) or 
Beijing Black (McLaughlin et al, 1989). In addition to genotypic 
differences, sex x rpST interactions have been reported by Campbell et 
al. (1990) and Kanis et al. (1990) which resulted from a greater response 
to pST in fatter animals. 
The efficacy of somatotropin in altering quantitative lean:fat 
characteristics has subsequently increased interest of researchers in 
assessing its effect on the qualitative carcass traits. Prusa (1989) in 
a review of studies examining meat quality of rpST-treated pigs found six 
investigations that reported reduction in intramuscular fat, two to show 
no effect and one to show an increase. Prusa (1989) also noted that 
intramuscular fat levels of less than 1% were common among rpST recipi­
ents. No evidence has been reported for increased incidence of pale, 
soft and exudative (PSE) meat with somatotropin supplementation by 
several researchers (Ender et al., 1989; McLaughlin et al., 1989; 
Beermann et al., 1990; Miller et al., 1991). A recent study of Solomon 
-1 -
et al. (1989), however, found daily rpST injections of 100 pg • kg • d 
^ between 30 and 60 kg for pigs slaughtered at 90 kg resulted in in­
creased muscle fiber diameter (hypertrophied fibers in all pigs) and 62% 
exhibited PSE muscle. Likewise, Solomon et al. (1990) observed rpST-PSE 
association in 28% of pigs receiving pST for 31 d starting at 60 kg body 
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weight. Briskey (1964) observed postmortem muscle characteristics of 
stress-susceptible swine to be generally PSE and Mirchev and Vitanov 
(1987) reported the presence of giant muscle fibers in the stress-
positive genotype. Consequently, the three stress genotypes provide an 
interesting model to assess the effects of rpST of animals predisposed to 
the PSE condition and to determine if known differences in body composi­
tion attributable to the stress genotype (Webb, 1981; Christian and 
Rothschild, 1981) are maintained or reduced with rpST. Consequently, the 
objectives of this study were to examine the effects of recombinantly-
derived somatotropin on carcass composition and muscle quality of normal, 
carrier and stress-susceptible swine. 
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MATERIALS AND METHODS 
Ninety-six Yorkshire-crossbred pigs were utilized in two replicates 
of similar protocol except for a single modification. In replicate 1, a 
withdrawal time of 7 d from rpST-treatment was required by the Food and 
Drug Administration in order for tissue to be used for human consumption. 
In replicate 2, no such requirement was imposed so pigs were slaughtered 
with 0 d withdrawal from treatment. Forty-eight pigs (24 barrows, 24 
gilts) in each replicate were allocated to six treatment groups consist­
ing of eight animals each (four barrows, four gilts) based on stress-
genotype classification and rpST or excipient administration. 
Stress-genotype classification was determined by haplotypic analysis 
of parents and offspring including information from halothane screening 
(Christian, 1974), serum creatine phosphokinase concentration (Allen and 
Patterson, 1971) and S(AO) and H red blood cell antigens (Rasmusen and 
Christian, 1976). Biochemical polymorphisms of phosphohexose isomerase 
(Phi), 6-phosphogluconate dehydrogenase (Pgd) and serum postalbumin (Po2) 
were also evaluated for both parents of and offspring used in both 
replicates according to procedures outlined by Juneja and Gahne (1987). 
Pigs were chosen from litters represented by at least two stress-
classification genotypes. Litters from Nn x Nn parental matings with all 
three genotypes present within litter were utilized when available and 
assigned to each treatment combination. Thirteen litters were represent­
ed in replicate 1 and 14 litters in replicate 2. Treatment groups were 
designated as follows: stress negative, excipient (NN); stress negative. 
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rpST (NNpST); stress carrier, excipient (Nn); stress carrier, rpST 
(NnpST); stress positive, excipient (nn) and stress positive, rpST 
(nnpST). 
The experiment was conducted at Iowa State University's Bilsland 
Swine Breeding Farm near Madrid, Iowa. Two pigs (same sex, stress 
genotype, and treatment) were housed per pen (1.2 m x 3.4 m) in a 
concrete-floored, flush-guttered, environmentally controlled confinement 
building. Pen assignments were determined prior to 32 kg of individual 
pig weight and penmates were similar (maximum range, 5.5 kg) in weight. 
Pigs were fed ad libitum a corn-soybean meal diet formulated to contain 
17.6% protein and 1.2% lysine with 3% added commercial fat. Diets were 
formulated to meet or exceed the nutritional requirements recommended by 
NRC (1988). Animals were also allowed ad libitum access to water. Pens 
started on treatment when penmates collectively weighed 109 kg. Each pig 
was sonorayed with a Renco digital backfat meter on the right (BTBFl) and 
left (BTBF2) last rib locations when pen started on treatment. Recombi­
nant pST utilized in this study was reconstituted from lyophilized form 
by addition of diluent. Stock solutions were reconstituted every second 
day and stored at 4oc. Treatment consisted of 1 ml of excipient (dilu­
ent) with or without 4 mg of rpST/ml injected daily between 0900 and 1000 
in the extensor muscle of the neck. A calibrated, multiple-dose syringe 
fitted with a sterile, disposable 18-gauge aluminum needle was used to 
administer the daily injections. The pigs were weighed individually at 
weekly intervals. Treatment terminated when an individual pig reached 
the designated off-test weight of 109 kg. To comply with the withdrawal 
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requirement in replicate 1, the pig was then moved from original pen and 
fed for additional 7 d without treatment. Pigs in replicate 2 were 
removed from their pens and held for 1 d before being moved to slaughter 
facility. 
Pigs were transported 26 km to the Iowa State University Meat 
Laboratory and animals of nn genotype were penned separately to reduce 
stress from fighting. After an overnight fast, pigs were electrically 
stunned, exsanguinated and eviscerated by normal procedures. Longissimus 
muscle samples (2 g) were collected 45 min post-slaughter and an ultimate 
pH or 24-h pH measurement were collected for determination of muscle pH 
(Warriss, 1982). The samples were stored in iodoacetic acid at time of 
removal to stabilize pH (Bendall, 1973) which was determined later using 
a pointed probe electrode of Accumet®950 pH meter. Hot carcass weights 
were recorded after evisceration (head and leaf fat removed, skin, jowl 
and feet intact). Standard carcass measurements were collected as 
outlined by National Pork Producers Council (1983) after a 24-h postmor­
tem chill (0 to loc). Measurements included carcass length and fat 
thicknesses at dorsal midline opposite the first rib, last rib and last 
lumbar vertebra. A subjective ham muscle score was assigned using the 
USDA system (1 = thin; 5 = very thick). The carcasses were ribbed 
between the 10th and 11th ribs where fat depth was measured at a point 
3/4 of the transverse length of the longissimus muscle and longissimus 
muscle area determined with a dot grid (10 dots per square inch). Muscle 
quality factors were evaluated subjectively at this interface using NPPC 
(1983) photographic standards for color and marbling. Exposed longis-
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simus muscle surfaces were scored on a 5-point scale for marbling (1 = 
devoid; 5 = abundant) and lean color (1 = pale and white; 3 » desirable 
grayish-pink; 5 = dark red). Lean firmness was also evaluated on a 5-
point scale (1 = extremely soft; 5 = extremely firm) as outlined by 
Wisconsin Pork Quality Standards (1963). Longissimus muscle samples (11-
13th rib section, -1 kg) were excised for determination of ultimate pH 
(24 h) and for analysis of lean tissue reflectance and light trans-
mittancy. A Photovolt photoelectric reflection meter (model 610) was 
utilized to determine muscle reflectance readings in terms of total 
luminous apparent reflectance. Transmittance values were obtained by 
measuring amount of protein precipitate or turbidity at pH 4.6 using the 
Hart method as modified by Dekker and Hulshof (1971). 
The left side of each carcass was physically separated into lean, 
fat, bone and skin. Skin was removed from carcass and defatted by 
scraping with a knife. Soft tissue was separated from the bones and all 
separable fat was dissected from the muscle. Each fraction was weighed 
separately and then the pooled samples of mixed lean and fat were coarse 
ground separately in a meat grinder through a plate with holes 7 mm in 
diameter. Samples of the ground lean and fat were collected for analysis 
of protein, lipid and moisture content. The samples were further 
pulverized in a commercial food processor. Triplicate samples of lean 
and fat tissues were analyzed for moisture content by vacuum oven drying, 
lipid content by Soxhlet ether extract procedure and protein content by 
block digestion method of microKjeldahl. All procedures were performed 
in the Iowa State University Meat Laboratory using procedures outline by 
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AOAC (1984). The right side of each carcass was fabricated Into standard 
wholesale cuts of ham, loin, picnic and Boston butt and weights recorded. 
The study consisted of a 3 x 2 x 2 factorial arrangement. The 
factors included three stress-genotype classifications (NN, Nn, nn), two 
treatments (rpST, excipient) and two sexes (barrows, gilts). The 
statistical model to analyze the data consisted of fixed effects of 
stress genotype, rpST treatment and sex, random effects of replicate and 
litter within replicate and interactions of genotype x treatment, 
genotype x sex, treatment x sex and genotype x treatment x sex. The 
model was as follows: 
"ijktan - P + + tj + 'k + • It'ljk 
where 
*ijklmn observation of the n^^ litter within the 1^^ replicate of 
the sex from the treatment and the 1^^ stress 
genotype, 
IJ = overall population mean of the observation, 
g^ = fixed effect common to stress-genotype classification (i = 
1, 2, 3), 
tj = fixed effect common to treatment (j =1, 2), 
s^ = fixed effect common to k^^ sex (k = 1, 2), 
r^ = random effect common to 1^^ replicate (1 = 1, 2), 
^m(l) = random effect common to m^^ litter within 1^^ replicate, 
(gt)^j = fixed effect of the interaction of the 1^^ stress genotype 
and treatment. 
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= fixed effect of the interaction of the i^^ stress genotype 
. , th 
and k sex, 
(t8)jj^ " fixGd effect of the interaction of the treatment and 
the k^^ sex, 
(gts)^j^ = fixed effect of the interaction of the i^^ stress geno­
type, treatment and k^^ sex. 
e ijklmn = random error for observation Y ijklmn 
The three first-order interactions and the second-order interaction were 
evaluated for each criterion and if found nonsignificant (P>.20) were 
increase sensitivity of analysis. The effect of replicate was tested 
using litter within replicate as the test statistic. The individual 
animal served as experimental unit for each trait measured. Analysis of 
all data was performed using SAS (1985) 6LM procedure. Least-squares 
means were separated in all analyses by mean separation procedures of SAS 
(1985). Two of the eight stress-positive pigs in replicate 1 and four of 
the eight stress-positive pigs in replicate 2 receiving rpST-treatment 
failed to produce a carcass for evaluation. One pig in replicate 1 and 
two pigs in replicate 2 died shortly after transport to the slaughter 
facility. In replicate 1, one pig died 25 d after onset of treatment. 
In replicate 2, one pig died at beginning of the study and one pig had 
very slow growth and failed to reach slaughter weight in allotted time. 
dropped from the model, pooled and included in the error term (e 
ijklm^ 
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RESULTS 
Since pens were started on test when penmates exceeded 109 kg, the 
weights within and across genotypes were similar for control and rpST-
treated pigs at onset of trial. Last rib backfat measurements using 
Renco sonoray unit were also similar within the respective subclasses for 
both right and left off-midline locations. 
A summary of quantitative carcass characteristics evaluated in the 
study for stress genotype x rpST treatment subclasses is shown in Table 1 
and for stress genotype in Table 2. A significant main effect (P < .001) 
associated with rpST treatment resulted in reduced yield (1.6%) for rpST 
vs their excipient-treated counterparts. The stress-genotype effect ap­
proached significance (P < .16) as mean value of percent yield for nn 
genotype (74.61.4) tended to be elevated above that of NN (73.6±.4; 
P<.06) and Nn (74.5±.3; P < .13) genotypes. In addition, stress genotype 
X treatment interaction approached significance (P < .13) as treatment 
resulted in greater (P < .01) percent yield reduction in NNpST (2.2%) and 
nnpST (2.1%) relative to NnpST (.2%) when compared with respective 
subclass controls. 
Administration of rpST increased (P < .001) carcass length ap­
proximately 1.6 cm for treated vs control pigs. Stress genotype also 
influenced (P < .01) carcass length with NN carcasses (82.1 cm) longer (P 
< .01) than Nn (80.2 cm) which in turn tended (P < .10) to be longer than 
nn genotype (79.1 cm). Genotype x treatment interaction was not sig­
nificant as response to rpST was similar across each subclass. 
Table 1. Least-squares means and standard errors for quantitative carcass traits of stress 
genotype (G) x rpST treatment (T) subclasses 
Genotype x rpST treatment subclass Significance 
Trait NN c® MMpST Nn c MnpST m c nnpST G T GxT 
Yield, % 72.5*.6 ** 70.5*.6 73.3*.6 + 71.7*.5 73.3*.6 NS** 72.6t.7 + NS 
Carcass length, cm 81.4±.6 + 82.7±.6 79.5i.6 + 80.9*.5 78.0*.6 * 80.2*.7 ** *** NS 
First rib BF, cm 4.87±.21 *** 3.47*.19 4.67*.18 * 4.08*.17 4.87*.18 *** 3.6U.21 NS *** * 
Last rib BF. cm 3.04*.16 *** 2.10*.15 3.16*.15 * 2.66*.14 3.25*.15 *** 2.31*.16 + **• NS 
Last lunbar BF, cm 3.59±.19 *** 2.07*.17 3.40*.17 *** 2.41*.16 3.46*.17 2.04*.19 NS •** NS 
Avg. carcass backfat, cm 3.85*.16 *** 2.58*.15 3.69*.14 ** 3.05*.13 3.85*.15 *** 2.64*.16 NS *** * 
10th rib backfat, cm 3.00*.16 *** 1.58*.15 2.84*.14 *** 1.77t.13 2.73*.14 *ita 1.39±.17 NS *** NS 
Longissimusjmuscle 
area, cm 31.9*1.6 *** 38.0*1.5 34.5*1.4 *** 41.6*1.3 41.7*1.5 ** 47.7*1.6 *** *** NS 
Muscle score 3.0*.2 ** 3.6*.2 2.9*.2 NS 3.4*.2 3.2*.2 *** 4.2*.2 + *** NS 
C^ontrast (c) of excipient vs rpST-treated pigs within respective genotypes. 
''hs = nonsignificant. 
*P < .10, 
*P < .05. 
< .01. 
**P < .001. 
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Table 2. Least-squares 
tative carcass 
means and standard 
traits 
errors by genotype for quanti 
Genotype 
Trait NN Nn nn 
Yield, % 71.5±.5 72.51.4 73.01.5 
Carcass length, cm 82.1±.4® 80.21.5^ 79.11.5^ 
First rib BF, cm 4.18±.16 4.391.12 4.241.15 
Last rib BF, cm 2.56±.09® 2.901.13^ 2.791.12*^ 
Last lumbar BF, cm 2.84±.15 2.901.11 2.761.14 
Avg. carcass BF, cm 3.22±.13 3.371.09 3.251.12 
Tenth rib BF, cm 2.29*.13 2.311.09 2.061.12 
Longissimus^muscle 
area, cm 34.9±1.3® 38.11.9^ 44.711.2° 
Muscle score 3.3±.2Bb 3.21.1* 3.71.2^ 
^'^'°Means within the same row with uncommon superscripts differ 
(P < .05). 
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Carcass fat depth measurements at three midline and tenth rib 
locations were dramatically reduced in rpST-treated pigs (P < .001). 
Average carcass backfat was reduced by 27% and tenth rib fat depth by 45% 
in response to rpST. Carcass backfat measurements were not influenced by 
stress genotype. The interaction of genotype and treatment was sig­
nificant (P < .05) for average backfat values. Greater responses were 
induced by rpST as NNpST and nnpST classes possessed more pronounced 
reductions of 33 and 31% (P < .001) in average backfat relative to their 
respective controls; whereas, NnpST improved 17% relative to Nn (P < 
.01). Comparable reductions were observed for tenth rib backfat of NNpST 
(47%), NnpST (38%) and nnpST (49%) relative to respective controls and 
thus genotype x treatment interaction was not significant for this trait. 
2 
Longissimus muscle area increased 6.4 cm with rpST treatment (P < 
2 
.001). Stress-positive pigs had larger loineye areas (44.7 cm , P < 
2 
.001) than both nonstress-susceptible genotypes, Nn (38.1 cm ) and NN 
2 (34.9 cm ). The intermediate value for Nn also exceeded mean loin muscle 
area of NN (P < .05). Genotype x treatment interaction was not sig­
nificant as each of treated genotypes responded similarly with increased 
longissimus muscle area of approximately 15%. The visual muscle score 
assigned to each carcass improved by .71 units on a one to five scale for 
rpST-treated vs controls (P < .001). The mean muscle score for stress-
positive pigs (3.7) exceeded those of stress-carrier (3.2, P < .05) and 
stress-negative (3.3, P < .18) animals. The similarity in response to 
rpST within genotypes precluded significant interaction between the two 
main effects. 
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Tabla 3 summarizes quantitative carcass data for rpST treatment x 
sex classifications. Carcass yield was not affected by gender. A 
significant treatment effect occurred within both sexes with rpST 
administration for each of the quantitative carcass characteristics 
presented in Table 3. Gilts had longer carcasses than barrows (P < .01) 
and the treatment x sex interaction influenced this measurement (P < 
.06). The 3.2% increase in barrow length elicited by rpST was sig­
nificantly greater than the .9% change noted in treated gilts. The well-
established differences in carcass composition associated with gilts vs 
barrows were evident as gilts possessed less average backfat (P < .05) 
and excelled in longissimus muscle area (P < .001). A treatment x sex 
interaction occurred for tenth rib backfat depth as a slightly more 
pronounced fat reduction was observed in rpST-treated barrows (47%) than 
in treated gilts (41%) when both were compared with respective controls. 
In accordance with increased longissimus muscle area, average muscle 
score of gilts surpassed that of barrows by .9 of a unit (P < .001). 
Results of carcass composition obtained from the physical separation 
of one side of each carcass are presented in Table 4. Supplementation 
with rpST significantly increased (P < .001) lean (8.9%), bone (1.4%), 
and skin (1.1%) percentages of carcass weight. Consistent with results 
of backfat, the percentage of carcass fat was drastically reduced (11.5%, 
P < .001) due to repartitioning action of ST. The advantage in loin 
muscle area for the stress-positive genotype was also apparent in carcass 
lean weight percentage as nn excelled (P < .10) nonstress- susceptible 
genotypes for this trait. Fat, bone and skin weight percentages were 
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Table 3. Least-squares means and standard errors for the effect of sex 
(S) and rpST treatment (T) by sex interaction on quantitative 
carcass traits 
Significance 
Trait Sex Controls 
rpST 
treated S TxS 
Yield, % Barrows 
Gilts 
72.7±.4 
73.4±.5 
71.81.5 
71.41.5 
NS® NS 
Carcass length, cm Barrows 
Gilts 
78.5±.S 
80.81.5 
81.11.5 
81.51.5 
**  + 
First rib BF, cm Barrows 
Gilts 
4.911.15 
4.731.15 
3.931.15 
3.511.15 
+ NS 
Last rib BF, cm Barrows 
Gilts 
3.271.11 
3.011.12 
2.461.12 
2.261.12 
+ NS 
Last lumbar BF, cm Barrows 
Gilts 
3.661.13 
3.301.14 
2.351.14 
2.011.14 
* NS 
Avg carcass BF, cm Barrows 
Gilts 
3.921.11 
3.681.12 
2.911.12 
2.601.12 
* NS 
Tenth rib BF, cm Barrows 
Gilts 
3.271.11 
2.451.12 
1.721.12 
1.441.12 
***  * 
Longissimus^muscle 
area, cm 
Barrows 
Gilts 
33.211.1 
38.911.2 
40.411.2 
44.511.2 
*** NS 
Muscle score Barrows 
Gilts 
2.61.1 
3.51.2 
3.31.2 
4.21.2 
* * *  NS 
^NS = nonsignificant. 
< .10. 
*P < .05. 
**P < .01. 
***P < .001. 
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Table 4. Least-squares means and standard errors by treatment group for 
carcass composition traits 
Control rpST treated Significance* 
Item kg % kg % 
Side wt 37.94±.23 37.281.24 
Carcass components^ 
Lean 19.94±.27 52.61.7 23.011.28 61.51.7 *** 
Fat 10.631.30 27.91.7 6.221.31 16.41.8 ***  
Bone 5.60±.09 14.81.2 6.071.09 16.21.2 ***  
Skin 1.79±.05 4.71.1 2.161.05 5.81.1 *** 
^Significance of treatment on % of carcass component of side weight. 
^Values presented are relative to left side carcass weight. 
***P < .001. 
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similar for the three genotypes. A genotype x treatment interaction 
effect for bone percentage (P < .05) reflected similar magnitude of 
increased bone percentage initiated by rpST within negative (2.3%) and 
positive (1.6%) genotypes when compared (P < .01) with the relatively 
small increase associated with rpST in carriers (.6%). 
Cutability as measured by yield of trimmed wholesale cuts expressed 
as a percentage of side carcass weight (Table 5) was affected signifi­
cantly by application of exogenous rpST. Trimmed wholesale cut per­
centages were improved for the ham, 25.4 vs 24.4 (P < .01); loin, 20.9 vs 
18.5 (P < .001); Boston butt, 8.7 vs 7.4 (P < .001) and picnic shoulder, 
13.7 vs 12.6 (P < .05) for rpST-treated vs control groups, respectively. 
The three stress genotypes had similar percentages for the four fabricat­
ed wholesale cuts and consequently the main effect of genotype was 
nonsignificant. Genotype x treatment interaction approached significance 
(P < .06) for ham weight percentage with NNpST responding more favorably 
(P < .001) relative to NN than was observed with rpST in Nn and nn 
subclasses. 
Soft tissue samples were collected from individual carcasses after 
physical separation and analyzed chemically for lipid, protein and 
moisture percentages which are depicted in Table 6. Percent lipid within 
dissected lean tissue was reduced by 3.2% (P < .001) and was accompanied 
by a 1.1% increase in protein (P < .001) and 2.1% increase in moisture (P 
< .001) associated with rpST treatment. Lean tissue composition differed 
among genotypes for lipid % (P < .05) and moisture % (P < .05). For 
lipid % within lean tissue, mean values for stress positive (9.4%) and 
109 
Table 5. Least-squares means and standard errors by treatment group for 
trimmed wholesale cut weights and percentages 
Control roST treated Significance* 
Item kg % kg % 
Side wt 37.95i.23 37.281.24 
Trimmed wholesale cuts^ 
Ham 9.29±.ll 24.41.2 9.431.11 25.41.3 •kit 
Loin 7.07±.13 18.51.3 7.781.13 20.91.3 i f k i t  
Boston butt 2.81±.07 7.41.2 3.231.08 8.71.2 ***  
Picnic 4.80±.12 12.61.3 5.061.12 13.71.3 * 
^Significance of treatment on % trimmed wholesale cut of side 
weight. 
^Values presented are relative to right side carcass weight. 
*P < .05. 
**P < .01. 
***P < .001. 
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Table 6. Least-sçtuares means and standard errors by treatment group for 
composition of lean and adipose tissue 
Trait Control rpST treated 
Lean tissue 
Lipid, % 11.9±.4*** 8.7±.4 
Protein, % 19.4±.2*** •20.5±.2 
Moisture, % 68.2±.3*** 70.3±.3 
Adipose tissue 
Lipid, % 75.1±1.0*** 64.7±1.1 
Protein, % 4.6±.2*** 7.4±.2 
Moisture, % 19.1±.8*** 27.1±.8 
***Row means significantly different (P < .001). 
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stress carrier (10.2%) were similar and both were reduced (P < .05) rela­
tive to stress-negative genotype (11.8%). Protein and moisture values 
were also stratified with highest values associated with nn, intermediate 
for Nn and lowest for NN genotypes, respectively. Protein percentages 
for lean tissue sample were not significantly different among genotypes 
(NN = 19.6, Nn = 19.9, nn = 20.4). However, the moisture contents of Nn 
(69.5%) and nn (70.1%) exceeded (P < .05) that of NN (68.2%). The 
genotype x treatment interactions for lipid % (P < .05) and moisture 
percentage (P < .05) can be attributed to the more marked effect of rpST 
in reducing lipid percentage and increasing moisture percentage of 
animals within stress-negative genotype. A similar pattern was found for 
adipose tissue composition with lipid percentage diminished (10.4%, P < 
.001) and protein (2.8%) and moisture (8.0%) percentages enhanced (P < 
.001) with rpST supplementation. Adipose tissue composition was unaf­
fected by genotype. The genotype x treatment interaction associated with 
lipid percentage (P < .08) and moisture percentage (P < .05) reflected 
greater magnitude of change elicited by rpST within NN stress classifica­
tion. 
Stress genotype had a significant effect on the qualitative muscle 
traits as depicted in Table 7 and stress genotype x rpST treatment 
subclass means are shown in Table 8. Longisaimus muscle pH measured 45-
min postmortem was lowest (P < .001) for nn genotype (5.8±.07) compared 
with the Nn (6.16±.05) and NN (6.39±.07) contemporaries. The inter­
mediate 45-min pH value for the Nn genotype was also lower than that of 
NN group (P < .01). Addition of rpST appeared to favorably increase 
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Table 7. Least-squares 
tative carcass 
means and standard 
traits 
errors by genotype for quali-
Genotype 
Trait NN Nn nn 
45-min pH 6.391.07® 6.161.05^ 5.801.07° 
Ultimate pH, 24 h 5.56±.03 5.501.02 5.561.03 
Marbling 2.7±.2® 2.21.1^ 1.41.2® 
Firmness 2.9±.2® 2.41.1^ 1.51.2° 
Color 2.91.2® 2.61.1® 1.71.1^ 
Reflectance 22.21.9® 25.21.6*' 27.41.9*' 
Light transmittancy, % 20.515.1® 24.213.7® 59.015.0*' 
*'^'°Means within the same row with uncommon superscripts differ 
(P < .05). 
Table 8. Least-squares means and standard errors for qualitative carcass traits of stress 
genotype (G) x rpST treatment (T) subclasses 
Genotype x rpST treatment subclass Significance 
Trait KN c= NHpST Nn c NnpST nn c nnpST G T GxT 
45-min pH 6.35i.09 NS** 6.431.08 6.171.08 NS 6.141.07 5.741.08 NS 5.851.09 *** NS NS 
Ultimate pH, 24 h 5.50±.04 ** 5.62±.04 5.471.04 NS 5.531.03 5.471.04 ** 5.651.04 NS *** NS 
Marbling 2.8±.2 NS 2.6t.2 2.51.2 NS 1.91.2 1.21.2 NS 1.51.2 NS + 
Firmness 2.9±.2 NS 2.9t.2 2.41.2 NS 2.41.2 1.31.2 NS 1.61.2 *«* NS NS 
Color 2.9t.2 NS 2.9±.2 2.41.2 NS 2.81.2 1.31.2 NS 2.01.2 *** * NS 
Reflectance 24.2±1.1 ** 20.3t1.1 26.311.0 NS 24.211.0 30.411.0 *** 24.311.4 ** NS 
Light transmittancy, X 25.0±6.4 NS 15.9±5.9 28.716.1 NS 19.815.3 77.615.9 *** 40.317.0 *** •** • 
Contrast (c) of excipient vs rpST treated pigs within respective genotypes. 
**NS = nonsignificant. 
*? < .10. 
•P < .05. 
**P < .01. 
***P < .001. 
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45-min pH values of nn genotype while others remained unchanged. Never­
theless, the interaction of genotype x treatment was not significant. 
Ultimate or 24 h pH values were similar for the three stress classifica­
tions. A significant effect was present for treatment as rpST-supple-
mented animals had an overall mean of 5.60 compared to an excipient value 
of 5.48. Subjective visual marbling scores were stratified among three 
genotypes with lowest mean value for positives (1.4±.2), intermediate for 
carriers (2.2±.l) and highest for negatives (2.7±.2). Consequently, 
genotype influenced (P < .001) visual marbling scores and each genotypic 
mean differed (P < .05) from the other two. Genotype x treatment 
interaction approached significance (P < .10) for this trait as scores 
declined with rpST treatment in carrier animals. In contrast, marbling 
scores increased slightly in the stress-positive classification, perhaps 
due to the fact that it is easier to visualize intramuscular fat in 
darker-colored muscle tissue. Genotype influenced the visual texture 
scores of longissimus muscle with lower scores associated with the 
stress-positive genotype (1.5±«2) differing from those of the nonstress-
susceptible genotypes (P < .001). Mean muscle texture values for Nn 
genotype (2.4±.l) was also lower (P < .05) than those exhibited by NN 
(2.91.2). Firmness values were comparable across genotypes regardless of 
treatment with only a slight improvement noted in the nn group due to 
rpST administration. 
Subjective color was improved by rpST treatment (P < .05) with means 
of 2.2 and 2.5, respectively, for the excipient and treated pigs. The 
main effect of genotype was highly significant (P < .001) with the 
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expected paler colored lean manifested in nn animals (1.7±.l), inter­
mediate values found for Nn (2.6±.l) and normal color depicted by NN 
(2.9±.2). Consequently, mean muscle color of the nn genotype was 
inferior (P < .001) to that of Nn, which in turn tended to be lighter 
colored (P < .15) than lean of NN. Genotype x treatment interaction 
approached significance (P < .16) for this trait as longissimus muscle 
color of stress-positive animals improved (P < .05) and approached normal 
with rpST treatment. Reflectance readings confirmed the visual color 
with measured values declining two to six percentage units reflecting a 
darkening of lean color with rpST treatment within each of the three 
genotypes. The mean reflectance value for nn samples (27.4±.9) exceeded 
(P < .01) values of Nn (25.2±.6) and NN (22.21.9). Also, the Nn mean 
value was only slightly paler (P < .10) than that observed for NN. 
Percent light transmittancy, a measure of protein denaturation, resulted 
in large main effects for treatment (P < .001) and genotype (P < .001). 
The average transmittance values of stress-positive animals (59.0±5.0) 
was significantly greater (P < .001) than those of the carrier (24.2±3.7) 
and negative (20.5±5.1) classifications. Recipients of rpST possessed a 
drastically reduced mean (P < .001) of 25.3±3.3 compared to 43.8±3.3 for 
controls. Significant genotype x treatment interaction (P < .05) 
reflected a pronounced improvement (P < .001) in muscle stability with 
rpST treatment of the nn genotype. 
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DISCUSSION 
The observed reduction in dressing percentage (1.6%) associated with 
rpST administration is similar in magnitude and direction to those 
previously reported (Evock et al., 1988; Ender et al., 1989; McLaughlin 
et al, 1989; Campbell et al., 1990; Bidanel et al., 1991). This result 
contrasts those of Smith and Kasson (1990) and Fabry et al. (1991) in 
which excipient and pST-treated pigs were similar for carcass yield. The 
observed decrease in carcass yield can be attributed to the well-docu­
mented increase in visceral mass of predominantly liver, kidney and heart 
and partially to overall reduction in carcass fat content. The increased 
yield for the nn vs the NN genotype agrees with the higher dressing 
percentage (1%) reported in a review of six studies on the two genotypes 
by Webb (1981). Christian and Rothschild (1981) observed an intermediate 
positioning of Nn relative to the NN (lowest) and nn (highest) genotypes 
for dressing percentage in predecessors of similar genetic background to 
animals utilized in the current study. Hence, carcass yields of this 
study were directionally similar to earlier findings for the three stress 
genotypes. 
The increase in skeletal growth depicted by the greater carcass 
length of rpST-treated pigs in this study agrees with findings of others 
(Campbell et al., 1989; McLaughlin et al., 1989; Hagen et al., 1991). 
Other studies have reported either a slight, but nonsignificant, or 
similar carcass lengths between treated and nontreated animals (Chung et 
al., 1985; Etherton et al., 1986, 1987; Goodband et al., 1990; Fabry et 
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al., 1991). In addition to increased body length, McLaughlin et al. also 
noted an increase in wither height with pST supplementation. Webb (1981) 
in his summary of stress genotype studies, concluded nn carcasses were 
generally shorter (11 mm) than those of N-. Likewise, Jensen (1981) and 
Barton-Gade (1985) found similar lengths for nonstress susceptible 
genotypes (NN and Nn) and both exceeded nn. Christian and Rothschild 
(1981) reported similar carcass lengths for the three genotypes with a 
ranking of NN, Nn and nn from longest to shortest, an alignment that 
concurs with results of present study. 
The improvement in carcass composition attributable to marked 
reduction in subcutaneous fat and enhanced muscle accretion from rpST 
administration corresponds with results of earlier studies (Machlin, 
1972; Boyd et al., 1986; McLaren et al., 1987; Campbell et al., 1988; 
Evock et al., 1988; Goodband et al., 1990). The lack of a significant 
genotypic influence on fat deposition in this study disagrees with a 
previously observed reduction in backfat in stress-positive animals 
(Webb, 1981; Jensen, 1981; Jensen and Barton-Gade, 1985). However, in 
prior studies evaluating pigs of comparable genetic background to those 
of the present study, no differences were found in average backfat among 
the three stress genotypes (Carlson et al, 1980; Christian and Roth­
schild, 1981). The significant genotype x rpST treatment interaction for 
average backfat identified the fattest genotype, Nn, as most responsive 
to rpST-enhanced fat reduction. Similarly, other studies have identified 
a differential response to somatotropin with the fatter genotypes 
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responding more favorably (Xanis et al., 1990; Yen et al., 1990; Bidanel 
et al., 1991). 
Treatment x sex interaction occurred for tenth rib backfat but not 
average backfat as a more pronounced fat reduction occurred in rpST-
treated barrows than in treated gilts when both were compared with their 
respective controls. Likewise, loin muscle area and percentage lean were 
observed to improve slightly but nonsignificantly more in treated barrows 
than treated gilts. These observations agree with those of Kanis et al. 
(1990) as barrows within their study exhibited a greater improvement in 
backfat thickness and percentage lean than that of boars and gilts. 
Consequently, pST appears to negate innate differences between sexes for 
certain traits and minimize the need for sex adjustment of these traits. 
The increase in longissimus muscle area within stress-positive vs 
stress-resistant genotypes has been noted frequently in other studies 
(Carlson et al., 1980; Webb, 1981; Christian and Rothschild et al., 
1981). All genotypes responded to rpST with similar increases in muscle 
area and hence the genotype x treatment interaction was not significant. 
The ability of genetically lean, muscular swine selected for outstanding 
carcass merit to improve in carcass muscle content from rpST administra­
tion has been documented by Bark et al. (1989) in pigs selected for high 
capacity of lean tissue growth and by Fabry et al. (1991) with Belgian 
Landrace, a breed of superior carcass composition. 
The alteration of carcass composition reflected by decreased backfat 
and increased longissimus muscle area was determined further through 
physical separation of the carcass into lean, fat, bone and skin. Lean, 
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bone and skin weights increased while fat weight decreased as a percent­
age of carcass side weight in rpST-treated pigs. This repartitioning 
effect of rpST on muscle and adipose tissue percentages corresponds to 
results reported previously (Evock et al., 1988; McLaughlin et al, 1989; 
McNamara et al., 1991). The augmented bone and skin weights agree with 
findings of McNamara et al. (1991) but differ from those of McLaughlin et 
al. (1989) where there were no rpST-induced changes for these components. 
Consistent with pattern for loin muscle area, stress-positive pigs 
possessed the highest proportion of dissected lean, followed by the 
stress-carrier and stress-negative animals. Thus, the stress gene is 
largely additive for lean quantity and similar results have been observed 
by Carlson et al. (1980), Christian and Rothschild (1981) and Webb and 
Simpson (1986). Proportion of adipose tissue, bone and skin did not 
follow this additive pattern although the stress-positive group showed 
the lowëst mean values. Carlson et al. (1980) reported lowered but 
nonsignificant bone and skin percentages for stress-positive compared 
with negative animals, christian and Rothschild (1981) found the nn 
genotype to have significantly reduced bone, skin and tendon percentage. 
The improvements noted in trimmed wholesale cuts of ham, loin, 
Boston butt and picnic coincide with the rpST-stimulated lean tissue 
advantage in the physically separated carcasses and concur with findings 
of McKeith (1987) and Fabry et al. (1991). Goodband et al. (1990) also 
found pST to increase weight of the trimmed ham and loin in treated 
animals. Trimmed loin percentage within the carcass aide approached 
significance for nn compared with the other two genotypes and other 
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Wholesale cuts were similar among the three genotypes. Carlson et al. 
(1980) evaluated ham, loin and shoulder percentages of PSS-positive and 
negative animals and also found no discernible differences. The changes 
in chemical composition reflected increased moisture and protein coupled 
with decreased lipid in both lean and fat soft tissue samples. These 
compositional changes are in accordance with the repartitioning effect of 
rpST. Evock et al. (1988), McLaughlin et al. (1989), Caperna et al. 
(1990) and Goodband et al. (1990) reported that ground soft tissue 
samples, muscle and adipose combined, from pST-treated animals had a 
greater percentage of water and crude protein and lower percentage of 
lipid. The raw loin chops collected from the left side of each carcass 
in the first replicate of this study were reported previously to contain 
increased moisture and reduced fat content (Boles et al., 1991) which are 
in agreement with findings of soft tissue analysis. However, Boles et 
al. (1991) also reported no change in protein percentage of loin chops 
from rpST-supplemented animals, a result which differs from those 
obtained from lean tissue samples of the seune pigs. Negative pigs 
relative to other genotypes possessed higher lipid and lower moisture 
levels within lean tissue and the content of both components was more 
significantly changed by rpST and resulting in a genotype x treatment 
interaction. The alterations in fat tissue composition due to rpST 
suggests a softer fat with reduced lipid content within adipocytes and an 
increase in cell wall size or interstitial cell contents. 
The significant stress-genotype effect on qualitative muscle 
characteristics was expected due to previously reported differences 
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between stress-positive and stress-resistant genotypes. In a summary of 
17 studies, Webb (1981) reported mean values for increased PSE (46%), 
increased transmission values (175%) and decreased 45-min postmortem 
longissimus muscle pH values (-.32) in carcasses of stress positive 
compared with those of the nonstress-susceptible genotypes. The inter­
mediate positioning of 45-min pH for Nn relative to NN and nn genotypes 
agrees with results of Christian and Rothschild (1981). The increased 
45-min pH values with rpST treatment within the nn genotype suggests 
improved muscle quality because this trait has been proven to be highly 
predictive of muscle water retention (Kauffman, 1991). Warriss and Brown 
(1987) found muscles with decreasing 45-min pH values decreasing to below 
6.1 to have greater drip loss and paler color. No effect was noted for 
rpST on 45-min muscle pH. This result agrees with Miller et al. (1991) 
who found no alterations in muscle pH between control and rpST-treated 
animals at 0, 3 and 6 h postmortem. Miller and co-workers (1991), 
however, did note a decrease in purge loss by semimembranosus muscle from 
rpST-treated animals. Likewise, water-holding capacity of the biceps 
femoris improved with pST administration in Pietrain and crossbred pigs 
(Bidanel et al., 1991). Other studies have shown no change (McLaughlin 
et al., 1989) or decreased (Solomon et al., 1991) antemortem pH values 
and no difference in water binding capacity of longissimus muscles 
between pST-treated pigs and their controls (Ender et al, 1989; McLaugh­
lin et al., 1989; Fabry et al., 1991). 
The significant effect of rpST in increasing ultimate pH of longis­
simus samples suggests improvement in processing characteristics of the 
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product. Beerman and co-workers (1988) also observed a dose-dependent 
increase in ultimate pH from pST administration. In contrast, other 
studies have reported ultimate pH values to be similar for pST- and 
excipient-treated groups (Ender et al., 1989; Bidanel et al., 1991; 
Miller et al. 1991). 
Greater light transmittance values have been observed on muscle 
samples collected 24 h postmortem from PSE carcasses and reflect in­
creased protein precipitation or turbidity (Martin et al., 1975; Carlson 
et al., 1980). Transmittance values of the nn genotype were highly 
elevated, especially for excipient-treated positive animals. But these 
values were drastically reduced for nnpST compared with nn treatment 
group and suggests an improvement in protein stability with rpST adminis­
tration. 
The differences observed between genotypes for subjective lean color 
scores and objective Photovolt reflectance readings confirmed previous 
results of paler color and higher reflectance values indicative of 
lighter colored lean of the nn genotype (Carlson et al., 1980). The 
ranking of genotypes from lightest to darkest color was nn, Nn and NNf 
with both Nn and NN possessing normal, acceptable color and reflectance 
values, a finding in agreement with Christian and Rothschild (1981). 
Hunter L values of raw loin chops from pigs of the first replicate of 
this study reported by Boles et al. (1991) were significantly lower 
(darker color) in chops from rpST-treated animals compared to controls. 
No effects were observed for Hunter a (redness) or b (blueness) values 
(Boles et al., 1991). Additionally, chops from stress-positive animals 
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had higher Hunter L values than either stress-negative and carrier 
animals. Gardner "Rd" values measured by Beermann (1990) were increased 
with rpST supplementation suggesting darker color and "a" values de­
creased, indicative of less redness in lean color. Miller et al. (1991) 
reported increased Hunter b values at 18 h postmortem for rpST compared 
with controls. 
The darkening of lean color and increased 45-min muscle pH within 
nnpST relative to the nn excipient control suggests that perhaps the 
minimal daily stress of rpST injections tended to push stress-susceptible 
animals toward the DFD condition. Briskey et al. (1959) reported 
rigorous exercise or stress reduced muscle glycogen and resulted in 
elevated muscle pH and darker pork color in normal pigs. Later, Briskey 
(1964) concluded stress-susceptible animals produced DFD meat if muscle 
glycogen reserves were exhausted prior to slaughter. Judge et al. (1967) 
and Topel (1969) suggested prolonged stress tended to result in DFD 
muscle in PSS-susceptible animals. 
The visual marbling score means for the three genotypes correspond 
to proximate analysis fat content values of longissimus muscle reported 
by Boles et al., 1991. The genotype x treatment interaction for visual 
marbling was also present in chemical composition data as greater 
intramuscular fat reduction was evident with rpST treatment within the 
stress-carrier genotype (Boles et al., 1991). The aforementioned rpST-
elicited darkening of lean color within the stress-positive genotype was 
considered to be responsible for a slightly increased marbling score of 
the nnpST group relative to the nn because the intramuscular fat was more 
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readily visualized in a background of darker lean. Supplementation of 
somatotropin during growth has generally reduced intramuscular fat 
content of the longissimus muscle (Novakofski, 1987; Beermann et al., 
1988; Evock et al., 1988; Prusa et al., 1989a; Lentsch et al., 1990; 
Bidanel et al., 1991). Beermann and co-workers (1988) found longissimus 
muscle lipid concentration declined in a dose-dependent linear manner 
-1 -1 from 2.02% at 30 f i g  rpST « kg • d to .74% at 90 f j g  dosage. Further­
more, a similar pattern of reduction in longissimus fat content was 
reported by Lentsch et al. (1990) who found 2.9, 2.5 and 1.8% fat, 
respectively, in samples from treatment levels of 0, 4, and 8 mg rpST 
daily. These findings are in disagreement with studies by Chung et al. 
(1985) and Prusa et al. (1989b) who found a 50% increase and no change, 
respectively, in longissimus fat content with rpST. Prusa (1989) 
hypothesized that free fatty acids were perhaps trapped in the cell and 
thereby increased fat content under the zero-day withdrawal regimen of 
his study. Fabry and co-workers (1991) found no reduction in longissimus 
lipid concentration with rpST in Belgian Landrace, a breed with low 
inherent marbling. Levels of marbling varied for 1.19 to 1.26%. Studies 
have generally noted a low relationship between intramuscular fat and 
pork tenderness (Saffle and Bratzler, 1959; Kauffman et al., 1964; Davis 
et al., 1975; DeVol et al., 1988). Davis et al. (1975) recommended 
between 3.5 and 4.5% marbling level to ensure pork palatability. In a 
more recent study, DeVol et al. (1988) suggested a threshold value of 2.5 
to 3.0% intramuscular fat, below which significant toughness was en­
countered. DeVol and co-workers (1988) also noted fat percentages above 
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3.0% had minimal effect on product tenderness. In conclusion, ST has 
been shown to decrease Intramuscular fat content and thus palatablllty of 
product becomes of concern when values drop below 2.5%. 
The coarser texture and hence lower visual texture scores associated 
with stress-positive animals are due to differences in muscle fiber area. 
Essen-Gustavason et al. (1988) reported no significant difference in 
amount of a and 0 red and a white fiber types between stress-positive and 
stress-resistant genotypes; however, an increase in fiber area of each 
fiber type was found for stress-positive animals. Mircheva and Vitanov 
(1987) reported linkage of giant muscle fibers with PSS and PSE. Muscle 
texture declined under 140 fig • kg rpST dosage in study by Evock et al. 
(1988); but lower dosage levels did not affect lean texture. Solomon et 
al. (1991) found change in individual muscle fiber areas, increased a red 
and decreased a white fibers, with pST administration. Furthermore, all 
treated pigs possessed hypertrophied (giant) fibers and 62% exhibited FSE 
muscle. Others have reported no textural changes of longissimus muscle 
within pST treatment (Fabry et al., 1991; McNamara et al., 1991; Miller 
et al., 1991). 
There is, however, a point of caution in treating stress-positive 
animals with rpST. Whereas muscle quality traits of this genotype were 
generally improved, two animals of the nnpST treatment group in replicate 
1 and four of nnpST group in replicate 2 failed to produce salable car­
casses. Three pigs died after arrival at slaughter facility following 
expression of stress-related symptoms. In each instance, the weather was 
warm and humid. Perhaps the elevated ambient temperature coupled with 
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the stress of transport disrupted homeostasis of these animals. Thermo­
regulation changes associated with pST have been postulated by Curtis 
(1989). He calculated that the combination of decreased subcutaneous fat 
(50%) and increased heat production (17 to 24%) observed with pST 
administration would reduce upper critical temperature by a few degrees. 
Verstegen et al. (1990) reported breed dependent increases in heat 
production of 4 to 10% for pST-treated vs control pigs. Knight et al. 
(1990) found nonsignificant increases in heat production of 8% for pigs 
housed in thermoneutral zone and 6% for pigs housed in a heat stress 
environment. The heat stress did not impair pigs' ability to adapt to 
the stressor through increased respiratory rate. 
The three other pigs which died in the studies were accounted for by 
one death at beginning of study, one death 25 d post onset of treatment 
and one with slow growth. All sixteen of their control counterparts 
completed the trial successfully. Previous experiments utilizing breeds 
of known stress susceptibility encountered death losses. Seven Pietrain 
pigs (three control and four pST-treated) died suddenly in a study by 
Bidanel et al. (1991). Fabry et al. (1991) reported three deaths due to 
acute stress of Belgian Landrace pigs receiving pST treatment. Even 
though the deaths in our study and those in the two aforementioned 
studies were not directly attributable to rpST administration, further 
research is necessary to fully explain the possible relationship, if any, 
between induced stress and rpST administration within the stress-positive 
genotype. 
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Implications 
Swine of three stress-related genotypes were treated with rpST from 
approximately 55 to 109 kg live weight. Each of the respective genotypes 
responded in a similar magnitude as carcass composition improved due to 
increased lean accretion and reduced fat deposition. Administration of 
rpST did not adversely affect measures of muscle quality and actually 
improved most carcass quality characteristics of the stress-susceptible 
genotype relative to their genotypic controls. Consequently, these data 
suggest that exogenous porcine somatotropin administration does not 
increase incidence of pale, soft and exudative pork in either nonstress-
susceptible or swine genotypically predisposed to that condition. 
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SUMMARY AND CONCLUSIONS 
The effects of a recomblnantly-derlved analog of porcine somato­
tropin (rpST) on performance, carcass characteristics and leg soundness 
were examined on three swine genotypes of known stress-susceptlb'lllty 
classification. Nlnety-slx crossbred pigs In two replicates were 
assigned two to a pen by stress genotype to receive dally administered 
rpST (4 mg • hd ^ • d or excipient from approximately 55 to 109 kg 
live weight. The six treatment groups Included stress-negative control 
(NN) or treated (NNpST), stress-carrier control (Nn) or treated (NnpST) 
and stress-positive control (nn) or treated (nnpST). Treatment with rpST 
tended to decrease days on test, significantly reduced (P < .001) feed 
consumption and Improved feed efficiency (P < .001). A treatment x 
genotype Interaction (P < .001) existed for feed:gain as NNpST (29%) 
Improved more drastically than NnpST (9%) and nnpST (18%) relative to 
respective controls. In addition, rpST-treated barrows (25%) possessed a 
more markedly Improved feed conversion than gilts compared with controls 
of similar sex. Carcass composition dramatically Improved across all 
genotypes with rpST administration resulting In greater carcass length 
(P < .001), larger longlsslmus muscle areas (P < .001), enhanced carcass 
muscle scores (P < .001) and greater amount of lean (P < .001), bone (P < 
.001) and skin (P < .001) as a percentage of carcass side weight. Treat­
ment with rpST reduced (P < .001) average and tenth rib carcass backfats 
and percentage adipose tissue by a similar magnitude for each genotype. 
Proximate analysis of dissected lean and fat revealed rpST treatment 
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increased percent protein (P < .001) and moisture (P < .001) of both 
components and reduced percent lipid content (P < .001). The trimmed 
wholesale cuts of the ham (P < .01), loin (P < .001), Boston butt (P < 
.001) and picnic shoulder (P < .05) were proportionately heavier with 
rpST treatment. Qualitative muscle characteristics were significantly 
influenced by stress genotype as stress-positive animals had lower 45-min 
pH values (P < .001), paler lean color (P < .001), elevated reflectance 
values (P < .001), coarser-textured lean (P < .001), reduced marbling (P 
< .001) and higher transmittance values (P < .001). Muscle quality 
traits, however, were improved with rpST as a higher ultimate pH value (P 
< .001) and a decline in both reflectance and transmittance values (P < 
.001) were noted. The greatest improvements for each of aforementioned 
traits were elicited by rpST and occurred within the stress-positive 
genotype. 
Treatment with rpST significantly affected (P < .01) the leg 
soundness traits of front leg structure and movement and rear leg 
movement but did not influence rear hock structure or rear toe size. In 
addition, composite osteochondrosis score means for the forelimb favored 
(P < .01) the control group which possessed a reduced incidence of 
lesions observed at the proximal humerus (P < .01) and proximal radius-
ulna (P < .05) locations. Scores for the hind limb were similar and not 
different between rpST-treated and control animals. The minimal reduc­
tion in forelimb mobility is attributed to a change in shoulder angula­
tion, enhanced muscularity and slightly greater incidence of 
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osteochondrosis with rpST treatment. Likewise, greater muscularity 
within the ham region restricted hind limb mobility. 
In summary, rpST administration enhanced feed conversion and 
drastically improved carcass composition of all genotypes. Treatment 
improved muscle quality characteristics of the nn genotype without detri­
mentally influencing these traits in nonstress-susceptible genotypes. 
Front and rear limb mobilities were reduced slightly with rpST. 
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